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Abstract

Spinal dysraphism is characterized by a lack of fusion of the
vertebral arches that occurs in the absence of spinous pro-
cesses with variable amounts of lamina. Here, we retrospec-
tively present the importance of cutaneous lesions and their
correlation with clinical presentation, radiological exami-
nation and urodynamic assessment. We retrospectively re-
viewed 612 (6.12%) cases with skin lesions from 10,000 con-
secutive live-born children seen at two institutions between
January 1998 and March 2005. We divided all children into a
control group and three groups based on clinical assess-
ment, radiological examination and urodynamic evaluation
results. Neurological deficits were identified in 113 (18.46%)
children, while spinal dysraphism disorders, tethered cord
syndrome and associated orthopedic malformations were
found in 171 (27.94%), 119 (19.45%) and 28 (4.57%) patients,
respectively. The incidence of tethered cord with lumbosa-
cral dimple lesions over the sacrum (32/119, 26.65% of pa-
tients) was 3.5-fold higher than that of lesions found over the
coccyx (9/119, 7.5% of patients). Uroneurological symptoms
were found in 207/612 (33.82%) children. Urodynamic assess-

ment revealed decreased bladder capacity in 10% of pa-
tients, detrusor hyperflexia during filling in 47% and a low-
compliance detrusor in 71%. Discordance between ultra-
sonography and MRl was found in 16.58% of patients. Spinal
cord untethering was performed for 109 patients. Nearly all
children with resolution were at the end of their follow-up
period (24 months). Retethering occurred in 21 (19.26%) pa-
tients, and a second untethering surgery was performed in
12 patients. When spina bifida was associated with lumbar
skin lesions, there may have been an increased incidence of
tethered cord and other spinal cord disorders. MRl scans are
more reliable and give an exact diagnosis of tethered cord.
Neurological and uroneurological instability are ultimately a
clinical diagnosis, and there is controversy about their indi-
cations for surgery. However, the correlation between uro-
dynamic assessment and cutaneous lesions with a tethered
cord found by MRI examination allow for an early diagnosis
and the possibility of prompt treatment.
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Introduction
Spinal dysraphism, or spina bifida, is the congenital

absence of a spinous process with variable amounts of
lamina; it refers to a distinct group of developmental
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Table 1. Number and type of clinical presentations related to cutaneous lesions

Cutaneous lesions Neuro- Uroneuro-  Orthopedic associated malformations ~ Syringo-
logical logical . . myelia
deficits problems pes cavus congegltal apparen.t limb

scoliosis shortening
Lumbosacral dimple 35 83 3 1 - 2
Over the coccyx 7 24 - - - -
Over the sacrum 28 59 3 1 - 2

Focal hypertrichosis 25 38 1 2 - 1

Strawberry nevus telangiectasia 20 19 6 1 1 -

Midline paraspinal subcutaneous mass 7 17 3 - - -

Lumbosacral lesions with dermal appendage tail 1 1 1 - - -

Multiple skin lesions 25 49 5 3 1 3

Total 113 207 19 7 2 7

Skin lesions (n = 612), % 18.46 33.82 3.10 1.14 0.32 1.14

Dysraphism abnormalities (n = 171), % 66.08 37.42 11.11 4.09 1.16 4.09

Neurological deficit (n = 113), % 100 56.63 16.81 6.19 1.76 6.19

anomalies characterized by a fusion failure of the midline
structures derived from ectodermal and mesodermal tis-
sues [1]. When spina bifida is associated with skin lesions,
there may be a high incidence of dysraphism abnormali-
ties such as tethered cords, lipomas and other spinal dis-
orders [2, 3]. These disorders are not always obvious, as
symptoms do not often manifest themselves until the in-
fant becomes ambulatory. Symptoms leading to the diag-
nosis are upper motor neuron dysfunction, lower motor
neuron dysfunction and their associated malformations
[4]. There are 6 cutaneous manifestations of congenital
neuroectodermal anomalies which are possible indica-
tors of spinal dysraphism [5-7]; these include the pres-
ence of a dermal sinus (dimple), focal hypertrichosis,
midline or paraspinal subcutaneous masses (low-lying li-
pomas) which cause gluteal cleft asymmetry, strawberry
nevus or telangiectasia, cutaneous appendage or rudi-
mentary tail, and atretic meningocele associated with ab-
normal gait and lower limb posture changes [2, 8-11].
About 50% of these lesions are associated with spinal dys-
raphism disorders and therefore are of great diagnostic
value [12]. The other group of symptoms is caused by
tethering of the spinal cord [4]. Congenital lumbosacral
lipoma, diastematomyelia, fibrous adhesions and a short-
ened filum terminale cause conus entrapment in spinal
dysraphism disorders [13]. Bladder dysfunction repre-
sents another group of symptoms. Early diagnosis with
ultrasonography (USG), CT scan and/or MRI is manda-
tory for the examination [14, 15]. MRI has the important
role of determining the presence of spinal dysraphism
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and its associated disorders because of its high specificity
and resolution. Following diagnosis of these develop-
mental abnormalities, appropriate surgical and medical
treatment can be instituted [16, 17].

In this study, we present a series of patient outcomes
and investigate the correlation of cutaneous lesions with
USG and MRI findings in the determination of spinal
dysraphism and underlying intraspinal dysraphism ab-
normalities. We also describe the results of our urody-
namic assessments of infants with closed spinal dysra-
phism disorders.

Materials and Methods

We retrospectively reviewed medical records as well as opera-
tive, USG, MRI and urodynamic reports. To limit the chance of
error, the data from all consecutive live neonates were also com-
pared with databases from obstetrics-gynecology. The records
from 10,000 live-born neonates delivered at two institutions be-
tween January 1998 and March 2005 were reviewed. All neonates
were studied via clinical assessment of cutaneous lesions, neuro-
logical examination of upper and lower motor dysfunction, uro-
neurological symptoms, and associated orthopedic malforma-
tions by a multidisciplinary evaluation committee. This commit-
tee was formed by a neurosurgeon, pediatric neurologist, urologist
and orthopedist. Databases used in this study were approved by
an independent ethical review board at two institutions. Neuro-
logical examinations were carefully performed in all neonates by
two pediatric neurologists at separate institutions, and then they
reviewed the data together so that all the neurological examina-
tions were standardized. Motor (muscle power), sensory (pin
prick in the lower extremities and perineal area) and deep tendon
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Fig. 1. a Sagittal MRI view; subcutaneous lipoma mass with tethered cord (white arrows). b, ¢ Axial and sagit-
tal MRI view of a diastematomyelia; black arrows show bone spur.

reflexes were included in the neurological assessment (table 1). A
detailed urinary questionnaire was filled out for each child. Al-
though the uroneurological examination was difficult, all parents
were educated on the procedural details and were well informed.
The clinical findings in this survey have been enumerated not
only to catalogue their prevalence, but also to emphasize how dys-
raphism disorders affected their parents and their primary physi-
cians. The questionnaire included indications regarding the phase
of symptoms (such as diurnality more than 8 times), voiding dif-
ficulty and urinary retention. For ease, we initially divided all
neonates into two major groups before clinical assessment based
on the presence of skin lesions, which was further characterized
by the presence of neurological deficits, urodynamic assessment
and radiological examination (table 2). The first group (I-G) was
neonates without lower-back cutaneous markers.

The records from group I-G were the medical records of neo-
nates without lower back cutaneous markers that were judged to
contain adequate information. Among 9,388 neonatal records,
760 neonates were considered for the control group (I-G,).

The second group (II-G) consisted of neonates with cutane-
ous lesions at the midline of the lower back. This group was clas-
sified into the three following subgroups: one for the presence of
neurological examination findings (II-GN), one with neurologi-
cal deficits (II-GN,) and the other without neurological deficits
(II-GNyp). The other two groups of II-G were divided by spinal
USG and/or MR scan findings (II-GR) and urodynamic assess-
ment results (II-GU). The first subgroup of the radiological ex-
amination findings, group II-GR,, consisted of neonates with cu-
taneous markers at the midline of the lower back which were as-
sociated with radiology findings of spinal dysraphism disorders.
The second subgroup was neonates with cutaneous markers with-
out spinal dysraphism disorders (II-GRy). In radiology medical
reports, we found that a number of neonates with cutaneous le-
sions were evaluated by USG and many of them were evaluated
again by MRI (fig. 1). The first-line screening test was USG ex-
amination that was performed around the first birthday. Follow-
up radiological examinations were performed with USG or MRI
between 1 and 24 months of age for initial spinal disorders. If the
USG was equivocal or abnormal, the neonates were re-evaluated
by MRI scans. Urodynamic studies were performed in all infants
with skin markers associated with spinal disorders in the II-GR,
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Table 2. Ratio and classification of study groups (10,000 live-born
neonates)

I-G: First major group
I-G: 9,388 neonates (93.88%) without back-midline skin markers
I-G¢: control group, 760 neonates

II-G: Second major group; 612 (6.12%) with lower back-midline
skin markers
Neurological assessment II-GN
Group II-GN,: with neurological deficit (n = 113, 1.13%)
Group II-GNy,: no neurological deficit (n = 499, 4.99%)
Radiological examination II-GR
Group II-GR,:with spinal pathology (n =171, 1.71%)
Group II-GRy,: without spinal pathology (n = 441, 4.41%)
Urodynamic assessment I[I-GU
Group II-GU, (n = 207, 33.82%)
Group II-GU,;: with pathological findings (n = 53, 25.60%)
Group II-GU,,: physiological result (n = 154, 74.40%)
Group II-GUy,: none performed (n = 405, 66.18%)

Urodynamic assessment was performed in 207 neonates.

subgroup and in many infants of the II-GR}, subgroup that had
skin markers without spinal disorders. The first urodynamic as-
sessment was performed between 3 and 24 months of age with
spinal dysraphism disorders determined by radiological investi-
gations. Depending on the age of the patient (infants aged 3-24
months), urodynamic assessment was performed with the child
sitting or recumbent, under sedation. The urodynamic studies
were usually assessed by a small electrode that was placed on the
infant’s hip, while the other end of the wire connects to a com-
puter and also to two electrodes that were placed near the opening
of the rectum. A thin catheter was inserted through the urethra
and was used to fill the bladder with water and measure how much
fluid the bladder held and how well it emptied. Another tube with
a balloon on the tip was placed just inside the infant’s rectum to
measure pressure. Documentation related to the urodynamic
study was assessed to evaluate detrusor overactivity compliance,
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Table 3. Incidence of neurological deficit in dysraphism disorders, tethered cords and radiological examination findings related to

various cutaneous lesions

Cutaneous lesions Cases Ratioto Ratioto  Neurological deficit Evaluation Tethered cord (neurological evidence and Tethered cord
all neo- neonates with both radiological findings: positive) (uroneurological/
nates with skin USG + MRI neurological
(n= lesions (n =250) evidence positive,
10,000) (n=612) radiological
findings normal,
anatomical conus
medullaris normal)
. 23 5
3 A P g £ s 3 3 _
g it z o Rl R S L) s
q_ g sz S BE & n 9 = B
Zg gz i3 8= s £ .3 £ T B
=8 IS £ g g E £ 28 3 B S
28 2% EE TS 5§ § g8 ® = g =
¢ g 2x iz 3% ¢ i5 ¢ §35 E 0§ 2
5 #He BE 5 35 8 22 £  E£E 3 2 ER
Lumbosacral dimple 264 2.64% 43.13% 35 0.35% 5.2% 62 14 41 (34.45%) 21 3 1 16 - 1
Over thecoccyx 156 1.56%  25.49% 7 0.07% 1.14% 22 3 9 (7.5%) 7 - - 2 -
Over thesacrum 108 1.08% 17.64% 28 0.28% 5.7% 40 11 32 (26.95%) 14 3 1 11 -
Focal hypertrichosis 204 2.04% 33.33% 25 025%  4.08% 55 5 21(17.64%) 12 - 9 - -
Strawberry nevus
telangiectasia 62 0.61% 10.33% 19 0.19%  3.10% 16 - 20 (16.80%) 14 1 - 5 - -
Midline paraspinal
subcutaneous mass 32 0.32% 5.55% 7 0.07% 1.13% 10 6 15 (12.63%) 7 1 7 - - 2
Lumbosacral lesions
with dermal append-
age (tail) 1 0.01% 0.16% 1 0.01% 0.16% 1 - - - - - 1 -
Multiple skin lesions 49 0.46% 7.5% 26 0.26% 4.24% 27 9 22 (18.48%) 12 6 2 - -
Total 612 6.12% 100% 113 11.3% 18.5% 171 34 119 (19.45%) 66 11 10 32 1 3
(27.94%)

residual urine, bladder capacity and detrusor leak point pressure.
The patients with severe neurological deficits associated with
tethered cords, as determined by USG and MR scans, underwent
surgery and urodynamic studies were also done before surgery.

Fifty-eight female and 51 male children with tethered cords
who were between 6 and 19 months old (mean age 1.2 years) un-
derwent surgical treatment. Surgical procedures were performed
for the underlying dysraphism disorders for the untethering and
release of the spinal cord by two neurosurgeons in the two institu-
tions. Follow-up examinations were done 3 months after surgery
and then every 3-24 months depending on the clinical assessment
and the urodynamic study evaluations. In a review of the patient
charts, we found that the patient assessments of the two partici-
pating institutions for the treatment of these neonates were the
same. Both of them followed a standard approach for closed spi-
nal dysraphism disorders.

Results

Control Group Findings

The records from 9,388 neonates without lower-back
skin markers (group I-G) were reviewed, in which we
found 760 neonates who were evaluated with USG or
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MRI examinations. These neonates had no skin markers,
and neurological examinations were free of any neuro-
logical findings. The urodynamics evaluation was not
performed for this group. We did not clarify why these
neonates underwent radiological examinations, but they
had no lower back skin lesions with normal neurological
findings. We found 83/762 (10.8%) of neonates with a
lamina ossification defect. All neonates were examined
with USG and lumbar MRI. We found 83/762 (10.8%) of
neonates with lamina closure defects. It was unexpected
that all 762 neonates underwent both USG and MRI ex-
aminations. First, they were examined by USG and then
they underwent MRI examinations. USG findings and
MRI findings were in agreement, and all of the control
group patients only had lamina disclosure defects with-
out spinal cord disorders and skin markers.

Clinical Findings

We found lower-back cutaneous lesions in 612 (6.12%)
neonates. The cutaneous lesions were dermal sinus dim-
ples in 264 (43.13%) neonates. These lesions were located
over the coccyx (156; 25.49%) and over the sacrum (108;
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17.64%). In addition, hypertrichosis was present in 204
(33.33%), strawberry nevi or telangiectasia were present
in 62 (10.33%), midline or paraspinal subcutaneous mass-
es were present in 32 (5.55%), a cutaneous appendage
named ‘human tail’ was present in 1 (0.16%), and multi-
ple skin markers were present in 49 (7.5%) neonates (ta-
ble 3, fig. 2). Only 1 case had a cutaneous appendage (hu-
man tail) about 7.2 cm long in the lower lumbar area.
Pathological examination of the tail showed subcutane-
ous fat and areolar tissue with some nerve fibers covered
by skin.

A hundred and thirteen neonates (18.46%) had neuro-
logical deficits. These deficits presented as upper motor
neuron dysfunction in 63 (55.75%) and lower motor neu-
ron dysfunction in 50 (44.24%). The neuropathological
signs included lower-extremity weakness in 41 (36.28%),
muscle tone abnormalities in 28 (24.77%) and sensory
disturbances in 19 (16.81%). Orthopedic associated mal-
formations included pes cavus in 19 (16.81%), congenital
scoliosis in 6 (5.30%) and apparent limb shortening in 2
(1.76%).

Uroneurological Symptoms and Urodynamic

Evaluations

The urinary questionnaire was filled out for 612 pa-
tients with skin lesions. We found that 207 of 612 patients
had uroneurological symptoms. All patients with teth-
ered cords had significant uroneurological symptoms.
The most common symptoms were voiding difficulty in
63% of patients, filling phase symptoms in 69% of pa-
tients and urinary retention in 4% of patients. Urody-
namic assessments were also performed for 207 neonates.
The normal volume of residuals in children participating
in the study (control group with an age range of 3-24
months) was less than 30 ml. For comparison, the physi-
ological volume of residuals is normally below 10% of to-
tal bladder volume. The average residual volume was 125
ml in 81 patients (39%). Decreased bladder capacity was
noted in 20 (10%) patients. Detrusor hyperflexia during
tilling was found in 97 (47%) patients, and low detrusor
compliance was found in 145 (71%).

Radiological Evaluation

Neonates with lower-back midline lesions (group II-G;
n = 612) were investigated by radiological examination,
and 407 (66.50%) of them had normal USG findings. Ne-
onates that were suspected of or detected with spinal dys-
raphism disorders (205, 33.50%) were examined with
USG and then were evaluated with MRI. Spinal dysra-
phism, which is associated with dysraphism disorders,
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Fig. 2. Lower-back cutaneous markers. a Skin dimple. b Hy-
pertrichosis. ¢ Capillary hemangioma and hyperpigmentation.
d Subcutaneous lipoma mass causing midline gluteal line devia-
tion.

was found by both USG and MRI in 171 (27.94%) of the
612 cases with skin markers. Spine MRIs for 34 of 205
neonates were done with questionable USG findings. The
subsequent MRI demonstrated no spinal disorder; there-
fore, 34 cases (16.58%) of the 205 neonates in this group
had disagreement between USG and MRI findings (ta-
ble 3). Consequently, 441 (72.06%) neonates had no dys-
raphism disorders, and 171 (27.94%) neonates had differ-
ent spinal dysraphism disorders based on the MRI ex-
amination findings.

Spinal dysraphism was associated with a thickened
fatty filum terminale in 101 (59.06%), diastematomyelia
in 11 (6.43%), lipoma and lipomyelomeningocele in 10
(5.8%) and dermal sinus tract in 49 (28.7%) neonates.
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Fig. 3. Resection of bone spur in a diastematomyelia patient; place
of bone spur viewed during operation (white arrow).

Tethered Cord Syndrome

Among the 171 cases with dysraphism disorders that
were determined by radiological examinations, 119 neo-
nates were found to have a tethered cord. Of these 119
neonates, 6 were asymptomatic and 113 presented with
neurological deficits. Therefore, 1.19% of live-born neo-
nates and 19.5% of neonates with cutaneous lesions had a
tethered cord. There were 41 neonates with tethered cords
and lumbosacral dimples; of these, a thickened fatty fi-
lum terminale was present in 21/41 patients, diastemato-
myelia in 3/41, lipomyelomeningocele in 1/41 and dermal
sinus tract in 16/41. A tethered cord with lumbosacral
dimple lesions was present in 41 (34.5%) patients: 9 neo-
nates had a lumbosacral dimple over the coccyx, and 32
neonates had it over the sacrum. Consequently, the inci-
dence of tethered cord with lumbosacral dimple lesions
over the sacrum was 3.5-fold more prevalent than lesions
over the coccyx. Among the remaining 78 neonates with
skin lesions associated with tethered cords, 21 (17.60%)
also had focal hypertrichosis, 20 (16.8%) had strawberry
nevi and telangiectasia, 15 (12.60%) had midline paraspi-
nal subcutaneous masses, and 22 (18.5%) had multiple
skin lesions (table 3).

Clinical Evidence of a Tethered Cord with Normal

Radiological Findings

Four children presented with the neurological or uro-
neurological findings of a tethered cord syndrome; how-
ever, there was disagreement between the clinical exami-
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nation and radiological evidence (table 3). In all 4 chil-
dren, the conus medullaris had a normal anatomical
ending. One patient had clubfeet and paraparesis with a
cutaneous appendage (human tail). Three patients had
uroneurological findings with 1 of 3 patients having a
dimple over the sacrum, while 2 of 3 patients had alipoma
and a normal anatomical ending. For treatment, 1 patient
underwent surgery. Three patients did not have surgery
and were followed up with conservative treatment. One
of 3 patients for whom conservative treatment was ap-
plied gradually worsened. Two of the 3 nonsurgical pa-
tients and 1 patient who underwent surgery showed im-
provement.

Surgical Findings

All 119 neonates with low-lying conus and tethered
cords had syndrome symptoms, and with the exception
of 10 patients, they underwent surgical treatment. These
10 patients had neurological deficits associated with teth-
ered cords, and surgical treatment was required, but their
parents did not agree to surgery. The remaining 52/171
neonates with spinal disorders without neurological def-
icits and tethered cord syndromes were managed without
surgery. The varying spinal dysraphism disorders which
caused tethered cords associated with skin lesions were
operated on via different surgical procedures. The main-
stay of surgical treatment was untethering and spinal
cord release. Section cutting of the thickened fatty filum
terminale and release of the cord were performed in
58/109 neonates. The filum was found to be constricted
in dorsal locations in all cases and was often accompa-
nied by excess lipomatous material. Ten neonates under-
went untethering of the spinal cord that also contained
lipomyelomeningocele. Nonadhesion intradural lipomas
were resected completely. Complete resection of the li-
poma was not attempted if the lipoma was adherent to the
spinal cord. Resection of the dermal sinus tract and re-
lease of continued adhesions to the spinal cord were car-
ried out in 30/109 neonates. Eleven diastematomyelia ne-
onates underwent an untethering surgical procedure. Re-
section of bone spurs occurred in 7 of these 11 patients
(fig. 3) and resection of fibrous spurs occurred in 1 of
these patients. The dural sleeve adjoining the septum was
resected, and the dural sac was reconstructed. Diplomy-
elia without a spur was found in 3/11 patients.

Follow-Up Results and Outcome

Postoperative follow-up periods in the 109 patients,
who clearly met the study criteria, ranged from 3 to 24
months (mean 12.8 months). Many patients were lost to
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Table 4. Comparison of follow-up and outcomes of 171 spinal dysraphism patients with and without tethered cord syndrome

Spinal dysraphism
(n=171)

Surgery Complication

Second Outcome

surgery

Retethering
or late tethering

With tethered cord syndrome (n = 119)

109! yes 8 patients: 2 CSF leakage, yes (12 patients) 12 patients 1 month: 30 (28%)
1 pseudomeningocele, immediate improvement,
5 infection over 3 months: 56 (51%)
gradual steady improvement,
after 1 year: 15 (14%) small
improvement
10 (required operation, but  no - - - 1 no change, 9 worse
their parents did not accept)
Without tethered cord syndrome (n = 52)
45 no - no no no change
7 no - yes (7 patients)  no 6 months followed:

1 worse, 6 unchanged

The patients were followed up from 3 to 48 months.

! Among the 109 patients who underwent an operation, 48 were followed up every 3 months from 3 to 48 months.

follow-up examinations after 24 months. Among the
postoperative group, 48 patients were followed up every
3 months from 3 to 48 months. Therefore, for the reliabil-
ity of the study, results included evaluations of the surgi-
cal outcomes of 109 patients before 24 months, while the
results of the 48 patients examined from 24 to 48 months
were studied separately.

Postoperative neurological and uroneurological eval-
uations of 109 patients revealed a variety of symptoms
and findings. Improvements were manifested on differ-
ent dates during the follow-up period. Nearly all patients
(101/109, 92%) experienced improvement by 3 months.
Resolution of lower-extremity weakness and sensory dis-
turbances was seen. We found that 30/109 (28%) patients
had immediate improvements as early as the first postop-
erative month, while in 56/109 (51%) patients, a gradual
steady improvement was observed over 3 months and at
1 year. Fifteen of 109 (14%) patients had some small im-
provements after the 1-year follow-up. We succeeded in
following 48 patients for up to 4 years. There were no sig-
nificant changes between 24 and 48 months. In addition,
there were no complications during surgery such as ex-
cessive bleeding or direct surgical damage to the nerve
root or spine. Eight of 109 (7%) children had early post-
operative complications, occurring from a few days to a
month postoperatively. Two patients had cerebrospinal
fluid leakage on the 2nd and 3rd postoperative days. Sub-
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cutaneous pseudomeningocele occurred in 1 patient in
the first month postoperatively. Infection was observed
in 5 patients. Two patients had wound infection and skin
necrosis on the 4th and 15th postoperative days. Their
wounds were repaired by reconstructive and cosmetic
skin surgery. Meningitis was seen in 1 patient on the 2nd
postoperative day though cerebrospinal fluid and blood
analyses did not confirm infection. This patient recov-
ered after 7 days and in all likelihood, it was transient
viral meningitis. Paraparesis and bilateral hypernephro-
sis appeared in 1 patient on the 2nd postoperative day
probably due to cord ischemia, which was a result of in-
direct surgical trauma causing neurological and uroneu-
rological dysfunctions.

Resolution of voiding difficulty, filling phase and uri-
nary retention was seen in 76/109 (70%) patients, and
urodynamic improvements were also observed in 59/109
(54%) cases.

Nine of the 10 patients who did not undergo surgery,
despite the indication for surgical treatment, showed
worsening neurological and uroneurological symptoms.
Only 1 child showed unchanged neurological symptoms.
Urodynamic deterioration was shown in all 10 patients.

Complications, changes after surgery and outcomes of
171 patients with spinal dysraphism with or without teth-
ered cord syndrome are summarized in table 4.
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Neurological assessment was intact in 52 of 171 chil-
dren with spinal dysraphism disorders without associat-
ed tethered cord syndrome; however, urinary dysfunc-
tion including frequent urination, and urinary infection
developed in 7/52 (13%) patients between 3 and 9 months
of age. In these 7 patients, urodynamic assessment deter-
mined the presence of a neurogenic bladder. MRI showed
the occurrence of a tethered cord, although there was no
initial clinical evidence of tethered cord syndrome at the
first examination of these patients. All patients were fol-
lowed up to 6 months and were treated conservatively.
Surgical treatment was recommended to 1 patient, but
her parents did not accept.

Twenty-one patients (21/109, 19%) showed a signifi-
cant deterioration in neurological presentation at 6-18
months, most notably in urgency/frequency and urinary
infection, whereas they had showed improvement previ-
ously. Motor weakness was present 12-18 months after
surgery, probably due to retethering of the spinal cord,
where an MRI examination demonstrated postoperative
soft-tissue granulation causing adhesion between the
cord spine and dura mater. In all patients with retether-
ing of the spinal cord, the conus medullaris was at a low-
lying level. A second untethering surgery was performed
in 12 of these 21 patients. Postoperative follow-up exam-
inations revealed improvement in 10/12 patients within
6-24 months. Two patients had a worsening of symptoms
postoperatively, and both of them experienced little im-
provement in motor weakness by 12 months. Nine of the
21 patients showing deterioration did not undergo sur-
gery, and they were followed up to 18 months. Moderate
improvement was seen in 2 patients, while the remaining
patients worsened.

Discussion

Spinal dysraphism is caused by a failure of the neural
tube to close spontaneously during the 4th week of em-
bryological development [18, 19]. This is often observed
by skin markers that may not be associated with any clin-
ical findings [19]. The cutaneous lesions indicate under-
lying nervous system lesions which are not apparent and
are revealed only by the onset of neurological deteriora-
tion [6, 7, 11, 20-22]. Despite these findings, midline cu-
taneous lumbosacral lesions are not always a sign of
closed spinal dysraphism [23, 24].

In the present study, we retrospectively reviewed 612
neonates with cutaneous markers among 10,000 consec-
utive live births. Upon review of the literature, we real-
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ized that the current study was one of the largest series
among comparable studies. Kriss and Desai [12] and
Kriss et al. [25] prospectively examined full-term neo-
nates with dorsal cutaneous lesions, and each neonate
underwent spinal sonography and clinical assessment of
the cutaneous lesions. The incidence of cutaneous lesions
in the healthy neonate study was 4.8% in the aforemen-
tioned series. Gibson et al. [7] reported on 95 neonates
(1.9% of 4,989 live births) who were referred with skin
markers indicating closed spinal dysraphism. In our se-
ries, we observed that the incidence of cutaneous lesions
in the entire neonate study population was 6.12%. How-
ever, the incidence of closed spinal dysraphism associated
with dysraphism abnormalities diagnosed with USG and
MRI examinations was 1.71% in all live-born neonates
and 27.94% in all neonates with skin lesions. While other
studies have reported the rate to be between 20 and 30%
[15], our incidence was below the maximum published
incidence. We think the higher number of neonates (larg-
er series) used in our study accounts for this difference.
Other important factors that could have affected this re-
sult were the financial, social, economic, educational and
intellectual level of the newborns’ families. The rate of
spinal-dysraphism-related nervous system abnormalities
in neonates with a single and small lesions is low [26];
however, the study of 171 neonates who had spinal dysra-
phism abnormalities showed that multiple skin lesions,
large subcutaneous masses and cutaneous sinuses over
the sacrum were correlated with an increase in the rate of
spinal dysraphism disorders. Henriques et al. [10] also
prospectively studied minor skin lesions as signs of spinal
dysraphism by spinal USG. If the ultrasound study was
abnormal or inconclusive, it was complemented with
MRI. Their study showed that the incidence of cutaneous
lesions in all live neonates was 7.16%. This result is a little
higher than our result of 6.12%.

Many authors have reported that a human tail is an
infrequent cause of a tethered cord, and in the literature,
there are 18 case reports [27-32]. Certainly, it is known
that a dorsal cutaneous appendage (called a human tail)
is often considered to be a skin marker of underlying spi-
nal dysraphism. However, the cutaneous appendage is
considered to be just a sign of spinal dysraphism and
some authors have even considered these to be benign
lesions without any cord abnormalities. In our study, the
tail was removed, but in spite of similar causes, we did
not find any relation between the tail and the spinal cord.
Donovan and Pederson [27] also reported a case of hu-
man tail with noncontiguous intraspinal and spinal cord
tethering. Similar to the present case, pathological ex-
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amination showed some nerve fibers in the tail indicat-
ing a pseudotail though there were many nerve fibers in
the pseudotail that made no contact with the spinal
cord.

Due to the high incidence of severe delayed neurolog-
ical problems in the newborn with closed spinal dysra-
phism, itis recommended that all suspected cases be eval-
uated. A review of the literature shows that sonography
is the advised method of diagnosis. Hughes et al. [33] re-
ported that the agreement between USG and MRI was
good, particularly for the determination of a low-lying
cord. They determined that 40% of USG examinations
showed full agreement with MRI, 47% had partial agree-
ment and 13% had no agreement [33]. Robinson et al. [14]
investigated the rationale behind the concept that the
USG was useful in screening for dysraphism in infants
with cutaneous markers such as a sacral dimple or hairy
patch. They concluded that as an isolated abnormality,
simple dimples or pits are not useful markers of spinal
dysraphism. They suggested a new imaging protocol, re-
sulting in improved diagnostic efficiency. Allen et al. [6]
performed USG and/or MRI in infants with spinal straw-
berry nevi. They investigated in a prospective study using
alarger number of patients with isolated strawberry nevi,
who underwent MRI evaluation, whether or not neuro-
imaging screening in these patients is indicated [6]. Bab-
cook [34] studied the role of USG in the evaluation of
infants with spinal dysraphism, but it was not the most
reliable since the advent of MRI. He reported the utility
of USG in evaluating neonatal spinal dysraphism as an
ideal diagnostic modality for this patient population.
However, comparative studies with MRI are necessary to
clarify USG results. In our series, the discordance be-
tween USG and MRI was 16.58%. The mean incidence of
agreement between USG and MRI was 83.42%, a little
below previous studies in the literature. Consequently,
the sparse clinical literature on this topic, which we re-
viewed, confirms that the practical attributes and finan-
cial benefits of USG recommend it as a first examination
method. Although MRI is more expensive and less com-
monly used than USG, MR1I is the most reliable examina-
tion method for the diagnosis of closed spinal dysraphism
disorders, especially in cases of isolated cutaneous le-
sions. It is the safest technique, especially in questionable
cases of spinal disorders. It is also helpful for the diagno-
sis of other neuropathological conditions and diseases, as
well as a good guide for the management of surgical treat-
ment. Correlation of cutaneous markers with different
abnormalities by means of detailed physical assessment
and radiological examinations, including USG and par-
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ticularly MRI scans, makes early diagnosis and prompt
treatment possible.

As was described above, a tethered cord presented
with a low-lying conus medullaris on the MRI and neu-
rological deficits upon clinical assessment. The other ex-
ceptional feature of spinal dysraphism is an anatomically
normal conus medullaris with clinical findings of teth-
ered cord syndrome, which was reported by Khoury et al.
[35] in 1990. They studied a case series of 31 children who
presented with uroneurological dysfunctions, where ra-
diological examinations showed spinal dysraphism with
the conus medullaris in a normal position. They stated
that patients did not improve with conservative treat-
ment and that 70% of the patients showed postoperative
improvement. Steinbok et al. [36] reported that the vast
majority of respondents (85%) favored surgical untether-
ing. They also described 2 cases of disagreement among
physicians, one regarding the diagnosis and treatment of
a patient with symptoms of tethered cord syndrome, and
the other over treatment of a patient with symptoms of
tethered cord syndrome and an inconclusive MRI. They
concluded that the results of the survey supported the
development of a randomized clinical trial to address the
benefit of surgery for tethered cord syndrome. We also
presented 4 patients that had clinical evidence of a teth-
ered cord with normal MRI findings. There was no sig-
nificant difference between 1 patient who underwent sur-
gery and 2 patients who were managed conservatively; all
3 showed minimal improvement. We found a few similar
reports in the literature in which some authors clearly fa-
vored surgery [4, 37], whereas others believed that the
patient did not meet the diagnostic criteria for tethered
cord syndrome and that, without conclusive clinical evi-
dence, the arguments supporting surgery for tethered
cord syndrome must be viewed carefully [36, 38]. We be-
lieve this exceptional situation needs more investiga-
tions.

The management of an infant with a closed spinal dys-
raphism can be summarized as the early detection and
treatment of a tethered cord syndrome, the prevention of
further deterioration and the treatment of associated
malformations [4].

Although urodynamic evaluation in neonates is dif-
ficult, it can show early physiological involvement of the
spinal cord, which assists in the early diagnosis. More
notably, bladder compliance is important in assessing
bladder function. It helps explain the physiology that may
underlie particular voiding symptoms and may reveal
certain risk factors that, if unrecognized and untreated,
will probably progress and cause significant urological
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complications [39]. Bladder compliance may also be used
to determine the postoperative physiology of the cord,
particularly retethering. The long-term rate of postop-
erative retethering ranges from 10 to 20% [40, 41]. In our
series, this value was 19% though that was over a shorter
period of time, but it is still in agreement with the current
literature. Retethering is not always immediately clini-
cally significant. Postoperatively, urodynamic studies
were useful in the early diagnosis of spinal cord retether-
ing [42].

In tethered cords, the major aim of surgery is un-
tethering and detachment of the spinal cord from the
adhesive dural or paravertebral soft tissues. Detachment
and removal of soft tissues should be gentle and even par-
tial in lipomyelomeningoceles. Partial removal of subpial
lipomas is performed if the lipoma in the spinal canal is
bulky and does not allow for sufficient subarachnoid
space around the caudal spinal cord [43]. Wehby et al.
[44] reported a retrospective review of a consecutive se-
ries of 60 children with tethered cord syndrome. Postop-
erative outcomes included complete resolution in 52%,
marked improvement in 35%, moderate improvement in
6%, minimal improvement in 6% and no improvement in
2% of children [44]. In the current study, clinical im-
provements in urinary symptoms occurred in 75% of pa-

tients, while 92% of the patients had experienced im-
provement in all neurological symptoms.

In conclusion, when spina bifida is associated with
lumbar skin lesions, there may be a slightly increased in-
cidence of coexisting tethered cord and other spinal dis-
orders. Correlation between lumbar skin lesions and oth-
er findings can help clinicians weigh their diagnostic
considerations. Careful neurological assessment and
MRI examination allow for early diagnosis and prompt
treatment. Urinary symptoms as a sole initial complaint
and subsequent urodynamic assessments aid in early di-
agnosis, most notably in postoperative follow-up periods.
Untethering of spinal cords to arrest deterioration is not
always successful. For the best result, this population
needs early and long-term follow-up. In addition, the
controversy surrounding indications for surgery should
be resolved, especially in cases with normal or almost
normal MRI and with simple low-back dimples. The oth-
er principal point of this paper is that in neonates without
skin markers, there is no disagreement for patient man-
agement, but in neonates with skin lesions with spinal
disorders, sometimes the USG does not show a dysra-
phism and therefore may be considered as normal. Thus,
MRI is usually the preferred method to evaluate neonates
with dysraphism and underlying spinal disorders.
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