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Introduction

Spinal dysraphism refers to a group of congenital spinal anoma-
lies resulting from incomplete closure of the neural tube early in 
fetal life.1 The incidence of spinal dysraphism is 0.5–0.8 cases 
per 1000 live births.1 An occult spinal dysraphism (OSD) is 
covered by normal or near-normal skin, usually delaying diag-
nosis of OSDs compared with the more obvious open spinal 
defects. In children with OSDs, lumbosacral cutaneous mani-
festations (LsCMs) are observed in 51%–100% patients.1–5

One type of OSD, tethered cord syndrome (TCS), may 
lead to neurological, gastrointestinal, musculoskeletal, and 
urinary dysfunction due to spinal cord traction.6–9 Timely 
diagnosis and treatment of TCS may mitigate the devastating 

sequelae that may ensue. A controversy exists as to the asso-
ciation between certain LsCMs and the risk of OSD.2 Studies 
generally concur that an infant with >1 LsCM increases the 
likelihood of OSD.3,10–12
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We previously reported a 3 ½-year study (1 March 2015–
30 September 2018) of 67 infants with at least one LsCM 
who were evaluated in our pediatric urology clinic.13 The 
most common LsCMs were duplicated or bifurcated gluteal 
folds (46%) and gluteal asymmetry (16%).

The current 6-year study expands upon our previous study 
by increasing the number of patients and statistically analyz-
ing which LsCMs may be higher risk for OSD. We also pre-
sent the criteria utilized to refer patients for neurosurgical 
evaluation, perform further testing such as lumbar magnetic 
resonance imaging (MRI) and urodynamic studies (UDS), 
and undergo a tethered cord release (TCR).

Materials and methods

Under an Institutional Review Board–approved protocol, we 
retrospectively reviewed the presence of LsCMs in all neo-
nates and infants evaluated in our pediatric urology clinic at 
our Institution over a 6-year period (1 March 2015–28 
February 2021). As our study focused on observational data, 
our sample size was comprised of the entire available popu-
lation who qualified for the inclusion criteria set forth in our 
study. The calculation and justification of the sample size 
selected in this study were as follows: at alpha = 0.05, power 
= 0.8, and 34/141 (24.11%) abnormal spinal ultrasounds 
(US), we would have been able to detect an effect size of 
15.5%. Alternatively, we would have been able to detect an 
effect size of 15.7% if the three patients whose spinal US 
were too limited to interpret (34/138 (24.64%) were 
excluded. The inclusion criteria consisted of all neonates and 
infants who were evaluated by their pediatrician and subse-
quently referred to our office for a urological concern unre-
lated to OSD. The inclusion criteria were comprised of 
neonates and infants who had not been diagnosed with OSD 
prior to the pediatric urological evaluation, and the LsCM 
was first noted in the medical record on routine physical 
examination by the pediatric urologist. The exclusion criteria 
included patients who had been previously diagnosed with 
an LsCM either at birth or by their pediatrician before refer-
ral to our pediatric urology office. In addition, the exclusion 
criteria also encompassed neonates and infants who had any 
symptoms suggestive of neurogenic bladder dysfunction.

All infants with an LsCM were referred for a spinal US. 
The determination of an abnormal US was based on either a 
conus medullaris (CM) that terminated at or below the L2-3 
intervertebral disk level or an echogenic filum terminale 
(FT). As an US does not image the entire spine and instead 
uses the lowest “lumbar-looking” vertebrae as L5, the US 
can miscount the vertebral levels. The US can both falsely 
find a low conus that is actually within normal limits as well 
as by mislabeling a low conus as normal. All patients with an 
abnormal spinal US were referred to a pediatric neurosur-
geon who determined whether a lumbar MRI would be per-
formed. UDS were conducted in certain infants when 
clinically indicated, whether or not the lumbar MRI revealed 

abnormal findings suspicious for TCS. A pediatric radiolo-
gist reviewed all of the spinal US and lumbar MRIs.

Statistical analysis

Differences between gender, reasons for pediatric visit, and 
LsCM percentages were compared between normal and abnor-
mal spinal US using the Fisher’s exact test, while the non-nor-
mally distributed ages at the 1st visit and spinal US were 
compared using the Mann–Whitney U-test. Multiple logistic 
regression evaluated the relationship between having only one 
LsCM versus two or more abnormalities on the spinal US while 
adjusting for age and other variables if the model fit indicated an 
average improvement in Somers’ D across 100 cross-valida-
tions. R (4.0.0) statistical software performed the analysis using 
basic commands along with the rms package to perform the 
logistic regression and cross-validations.

Results

Patient demographics and reason for pediatric 
urological referral

Of the 141 infants who had at least one LsCM observed by 
the pediatric urologist, 128 (91%) were male and 13 (9%) 
were female with a mean age of 5.6 weeks at the initial pedi-
atric urology evaluation (Tables 1–3). The most common 
reasons for a pediatric urology consultation were circumci-
sion, hypospadias, and hydronephrosis (Table 1).

Cutaneous manifestations of OSD

The most frequent LsCM were bifurcated/duplicated gluteal 
folds, gluteal asymmetry, and a sacral dimple (Tables 1 and 3; 
Figure 1(a) and (b)). Fifteen (11%) patients had two LsCMs, 
while one (1%) patient presented with three LsCMs (Table 1).

Lumbar spinal US

The mean age of the infants at the time of the lumbar spinal 
US was 6 weeks (Table 1). The spinal US was normal in 104 
(74%) cases. Of the 34 abnormal spinal US, a low-lying CM 
was noted in 33 (97%) patients, and an echogenic FT was 
observed in 1 (3%) patient. The US examination was too 
limited to interpret in three patients: in two due to spinal 
ossification and in one due to patient size and motion.

A coccygeal pit was statistically marginally higher in 
abnormal versus normal spine US (24% vs 10%, p = 0.07) 
(Table 3). Patients with only one LsCM (N = 121) were sig-
nificantly more likely to have a normal spinal US compared 
to those with two or more LsCM (N = 17) (79% vs 53%, p 
= 0.03). Furthermore, patients with >1 LsCM were 3.2 
(odds ratio (OR) = 3.24, 95% confidence interval (CI) = 
(1.14–9.23), age at US adjusted) times more likely to have an 
abnormal US compared to those with only one LsCM.
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Lumbar MRI imaging

Of the 34 patients who had an abnormal spinal US, 15 (44%) 
underwent a lumbar MRI which confirmed that the CM ter-
minated at L2-3. Two patients had a lumbar MRI despite 
negative findings on the spinal US. One of these patients 
underwent a lumbar MRI as part of a complete evaluation for 
abusive head trauma at the age of 5 months; there was no 
evidence of TCS. The correlation between the reason for 

pediatric urology evaluation, cutaneous findings of OSD, 
abnormal spinal US, lumbar MRI, and pediatric neurosur-
gery consultation are presented in Table 2.

Neurosurgical consultation, UDS, and TCR

Of the 34 infants who had an abnormal spinal US, 24 (71%) 
were evaluated by a pediatric neurosurgeon and had evidence 
of a low-lying CM (Tables 1 and 2). One additional infant with 

Table 1.  Characteristics of patients with cutaneous findings suggestive of occult spinal dysraphism in our pediatric urology clinic at our 
institution (1 March 2015–28 February 2021).

Patient characteristics Number of patients (N = 141)

Gender
  Male 128 (91%)
  Female 13 (9%)
Mean age at pediatric urology evaluation 5.6 weeks (1 day–20 weeks)
Reason for pediatric urology evaluation
  Circumcision 64 (45%)
  Hydronephrosis 23 (16%)
  Hypospadias 23 (16%)
  Pelviectasis 4 (3%)
  Undescended testes 4 (3%)
  Hydrocele 3 (2%)
  Penile torsion 2 (1%)
  Vesicoureteral reflux 2 (1%)
  Micropenis 2 (1%)
  Other* 9 (6%)
  Combination** 5 (4%)
Cutaneous finding
  Bifurcated/duplicated gluteal fold 46 (33%)
  Gluteal asymmetry 27 (19%)
  Sacral dimple 20 (14%)
  Lumbar hair 14 (10%)
  Coccygeal pit 10 (7%)
  Mongolian spot 7 (5%)
  Lumbar hemangioma 1 (1%)
  Combination*** 16 (11%)
Mean age at spinal ultrasound 6.0 weeks (1 day–16 weeks)
Spinal ultrasound findings
  Normal 104 (74%)
  Abnormal 34 (24%)
  Examination limited by spinal ossification 2 (1%)
  Examination limited by patient size and motion 1 (1%)
Lumbar MRI following abnormal spinal US 15/34 (44%) [two additional lumbar MRIs performed 

for patients who had normal spinal US]
Evaluated by neurosurgery of all patients 25/141 (18%)
Evaluated by neurosurgery of patients with abnormal spinal US 24/34 (71%)

US: ultrasound; MRI: magnetic resonance imaging.
*Other: One each of the following: ectopic kidney, horseshoe kidney, renal cysts, penile edema, periurethral cyst, redundant foreskin, scrotal hematoma, 
single kidney, and testicular torsion.
**Combination: One each of the following: circumcision/pelviectasis, circumcision/undescended testes, hydronephrosis/circumcision, hypospadias/unde-
scended testes, and pelviectasis/undescended testes.
***Combination: Coccygeal pit/lumbar hair (3); Sacral dimple/lumbar hair (2); gluteal asymmetry/coccygeal pit (2); Duplicated gluteal fold/lumbar hair 
(2); One each of the following: bifurcated gluteal fold/coccygeal pit; coccygeal pit/birth mark on buttock; duplicated gluteal fold/coccygeal pit; duplicated 
gluteal fold/gluteal asymmetry; gluteal asymmetry/lumbar hair; coccygeal pit/Mongolian spot; duplicated gluteal fold/sacral dimple/Mongolian spot.
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Table 2.  Correlation between reason for pediatric urology evaluation, cutaneous findings suggestive of OSD, abnormal spinal US, 
lumbar MRI, and neurosurgery consultation at our institution (1 March 2015–28 February 2021) (n = 34).

Gender/age at 
spinal US (Weeks)

Reason for urology 
evaluation

Cutaneous findings of 
OSD

Spinal US Lumbar MRI Neurosurgery 
evaluation

Male/8.29 Hydrocele Bifurcated gluteal fold CM ends at L2-3 CM ends at L2-3 No clinical TCS; PT
Male/10.71 Penile edema Lumbar hair, coccygeal pit FT appears 

echogenic
Not performed None

Male/2.86 Penile torsion Gluteal asymmetry CM ends at L2-3 CM ends at L2-3 No clinical TCS; PT; 
constipation

Male/10.86 Hydronephrosis Lumbar hair CM ends at 
L2-3

CM ends at 
L2-3, filar 
fibrolipoma

2 UDS; PT; TCR

Male/7.57 Hydronephrosis Gluteal asymmetry CM ends at L2-3 Not performed No clinical TCS
Male/8.57 Penile torsion Gluteal symmetry CM ends at L2-3 CM ends at L2-3 No clinical TCS; PT
Male/0.29 Undescended testes Lumbar hair CM ends at L2-3 CM ends at L2-3 No clinical TCS; PT; 

constipation
Male/13.29 Hypospadias Coccygeal pit CM ends at L2-3 CM ends at L2-3 No clinical TCS; PT
Male/4.71 Hypospadias Duplicated gluteal fold CM ends at L2-3 Not performed No clinical TCS
Male/0.29 Hypospadias Bifurcated gluteal fold, 

coccygeal pit
CM ends at L2-3 Not performed No clinical TCS; PT

Male/3.71 Circumcision Duplicated gluteal fold CM ends at L2-3 Not performed No clinical TCS; PT
Male/3.29 Circumcision Gluteal aymmetry CM ends at L2-3 Not performed No clinical TCS
Female/10.86 Single kidney Coccygeal pit, Mongolian 

spot
CM ends at L2-3 CM ends at L2-3 No clinical TCS; 1 

UDS
Male/0.71 Circumcision Duplicated gluteal fold, 

coccygeal pit
CM ends at L2-3 Not performed No clinical TCS

Male/7.29 Hydronephrosis Gluteal asymmetry; 
lumbar hair

CM ends at L2-3 Not performed None

Male/11.57 Circumcision Duplicated gluteal fold CM ends at L2-3 Not performed None
Male/11.0 Hydronephrosis Mongolian spot CM ends at L2-3 Not performed No clinical TCS; PT; 

constipation
Male/3.57 Hypospadias Duplicated gluteal fold CM ends at L2-3 CM ends at L2-3 No clinical TCS; PT
Male/12.14 Circumcision Gluteal asymmetry CM ends at L2-3 CM ends at L2-3 No clinical TCS; PT; 

constipation
Male/1.43 Circumcision Sacral dimple CM ends at L2-3 Not performed No clinical TCS
Male/8.0 Circumcision Coccygeal pit, birthmark 

buttock
CM ends at L2-3 CM ends at L2-3 None

Male/1.43 Circumcision Sacral dimple CM ends at L2-3 CM ends at 
inferior L2

None

Male/2.29 Hydronephrosis Sacral dimple CM ends at L2-3 CM ends at 
superior L2

No clinical TCS; PT

Male/12.57 Hypospadias Coccygeal pit CM ends at L2-3 Not performed No clinical TCS
Male/3.14 Circumcision Duplicated gluteal fold CM ends at L2-3 Not performed No clinical TCS; PT
Female/3.14 Hydronephrosis Gluteal asymmetry CM ends at L2-3 Not performed No clinical TCS; PT
Male/6.71 Circumcision Coccygeal pit, lumbar hair CM ends at L2-3 Not performed None
Male/13.0 Circumcision Gluteal asymmetry CM ends at L2-3 Not performed None
Male/0.43 Circumcision Sacral dimple CM ends at L2-3 CM ends at 

inferior L2
None

Male/9.29 Hypospadias Bifurcated gluteal fold CM ends at L2-3 Not performed None
Male/5.86 Circumcision Lumbar Mongolian spot CM ends at L2-3 CM ends at mid L2 No clinical TCS; PT
Male/0.29 Circumcision Gluteal asymmetry CM ends at L2-3 Not performed None
Male/11.71 Hydronephrosis Duplicated gluteal fold CM ends at L2-3 Not performed No clinical TCS; PT
Male/9.0 Hypospadias Duplicataed gluteal fold, 

sacral dimple, Mongolian 
spot

CM ends at L2-3 CM ends at 
inferior L2

No clinical TCS

US: ultrasound; MRI: magnetic resonance imaging; CM: conus medullaris; FT: filum terminale; TCS: tethered cord syndrome; PT: physical therapy;  
TCR: tethered cord release.
The bold values represent the only patient with a cutaneous finding of occult spinal dysraphism, abnormal spinal ultrasound, and abnormal lumbar MRI 
who subsequently underwent a tethered cord release.
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an LsCM and negative spinal US was also seen by a pediatric 
neurosurgeon. Of the 25 patients with an LsCM suggestive of 
OSD and evaluated by a pediatric neurosurgeon, two infants 
underwent a TCR. One of these infants had an abnormal spi-
nal US, lumbar MRI, UDS, and cutaneous manifestation 
(lumbar hair), while the other infant had abnormal UDS, clini-
cal findings (tiptoe walking), and cutaneous manifestation 
(bifurcated gluteal fold) although the spinal US was normal.

Discussion

Risk of OSD and TCS based on various LsCM
The risk of OSD and TCS depends not only on the particular 
LsCM but also on its specific features and location in the 
lumbosacral area. Atypical dimples, lumbar masses, large 

pedunculated lesions, raised lumbar hemangiomas, dermal 
sinus track, subcutaneous lipoma, caudal appendage, mid-
line pedunculated swelling, sacral agenesis, and highly unu-
sual hair patterns are generally high-risk for OSD, while a 
flat hemangioma, non-midline lesion, forked gluteal cleft, 
coccygeal pit, simple sacral dimple, and asymmetric cleft are 
often low risk for OSD.2,5,10,14

While coccygeal pits are not considered markers of OSD 
in the literature, a coccygeal pit was statistically marginally 
higher in abnormal versus normal spine US in this study. 
Patients with only one LsCM were significantly more likely 
to have a normal spinal US compared to those with two or 
more LsCM. Patients with >1 LsCM are 3.2 times more 
likely to have an abnormal US compared to those with only 
one LsCM. Our findings concur with previous studies that 

Table 3.  Abnormal spinal ultrasounds of patients with cutaneous findings of occult spinal dysraphism at our pediatric urology clinic at 
our institution (1 March 2015–28 February 2021).

Patient characteristics Overall N = 138* Spinal ultrasound p value

Abnormal N = 34 Normal N = 104

Gender = Male 125 (91%) 32 (94%) 93 (89%) 0.52
Age at 1st pediatric urology visit (median (IQR)) (weeks) 4.6 [2.7, 7.8] 4.9 [2.6, 9.8] 4.4 [2.7, 7.4] 0.40
Age at spinal ultrasound (median (IQR)) (weeks) 5.9 [3.5, 9.2] 7.0 [2.9, 10.8] 5.9 [4.0, 8.8] 0.81
Reason for pediatric urology visit
  Circumcision = Yes 67 (49%) 14 (41%) 53 (51%) 0.33
  Hydronephrosis = Yes 24 (17%) 7 (21%) 17 (16%) 0.61
  Hypospadias = Yes 24 (17%) 7 (21%) 17 (16%) 0.61
  Undescended testes = Yes 7 (5%) 3 (9%) 4 (4%) 0.36
Cutaneous manifestation
  Bifurcated/duplicated gluteal fold = Yes 52 (38%) 11 (32%) 41 (39%) 0.54
  Gluteal asymmetry = Yes 31 (22%) 9 (26%) 22 (21%) 0.64
  Coccygeal pit = Yes 18 (13%) 8 (24%) 10 (10%) 0.07
  Sacral dimple = Yes 23 (17%) 5 (15%) 18 (17%) 1.00
  Lumbar hair = Yes 22 (16%) 5 (15%) 17 (16%) 1.00

*Excludes 3 patients whose spinal ultrasounds were too limited to interpret (two due to spinal ossification and one due to patient size and motion). 
The bold value represents that a coccygeal pit was statistically marginally higher in abnormal versus normal spinal ultrasounds. 

Figure 1.  (a) Gluteal asymmetry and (b) gluteal bifurcation.
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>1 LsCM portends a significantly higher risk of OSD than a 
single LsCM.3,10–12

Spinal imaging, UDS, neurosurgical evaluation, 
TCR

A spinal US is an effective screening tool for neonates and 
infants with evidence of LsCM due to its ease of perfor-
mance, no radiation exposure, no sedation, and low cost.5,15–17 
To best visualize the spinal canal contents, it is usually per-
formed prior to 3 months of age at which time ossification of 
the posterior sacral elements occurs. A lumbar MRI is a bet-
ter imaging study to detect OSD as it is able to visualize the 
CM and to assess the thickness of the FT.5,6,17 However, a 
lumbar MRI requires sedation or general anesthesia, is 
expensive and time-consuming, and is usually not performed 
until after 3–6 months of age when images are more free of 
micro-motion artifact. In Tawfik et al.18 study of the diagnos-
tic value of spinal US compared to MRI for the diagnosis of 
pediatric spinal anomalies, they determined that spinal US 
may be used as a first-line screening tool for spinal dysra-
phism while an MRI is the best diagnostic modality for older 
pediatric patients. Furthermore, these authors recommended 
that patients with an abnormal spinal US should undergo a 
spinal MRI.

UDS are the gold standard for evaluating bladder function 
and shed light on the bladder mechanics during filling and 
voiding.5,8 While UDS are valuable in elucidating bladder 
function, they are invasive tests and are usually recom-
mended when medical treatments are unsuccessful, noninva-
sive studies are not conclusive, and urological surgery is 
scheduled.8 A TCR involves surgical untethering through a 
1-level lumbar laminotomy which eliminates cord traction 
imposed by TCS and prevents neurological deficits, often 
resulting in improved function.6,8

Strengths and limitations

Our 6-year multidisciplinary study of LsCMs suggestive of 
OSD stresses the importance of conducting a thorough 
examination of the lumbosacral area and performing a spinal 
US in patients with an LsCM. We report a large series of 
patients evaluated at a pediatric urology office with at least 
one LsCM. While certain LsCM have been associated with a 
higher risk of OSD in the literature, the significance of our 
work is that no specific lesion had a higher association with 
OSD apart from the marginally higher risk of a coccygeal 
pit. Therefore, all LsCM should raise suspicion, especially 
when >1 LsCM is observed on the same infant.

Closely observing neonates and infants with LsCM as 
they age plays a crucial role in detecting potential OSD and 
TCS. Pediatricians should be alert to the neurological conse-
quences that may ensue in a patient with an LsCM sugges-
tive of OSD and carefully monitor their developmental 
milestones as they age. A prompt neurosurgical referral is 

mandatory to mitigate the devastating sequelae that are asso-
ciated with TCS.

The limitation of our current work is its retrospective 
nature and few patients who underwent UDS. The neurosur-
geons used their judgment to determine whether UDS should 
be performed, primarily based on whether the patients had 
evidence of clinical TCS. In addition, less than half of the 
patients with an abnormal spinal US underwent a lumbar 
MRI. In several cases, parents of neonates and infants who 
had an abnormal US did not want to subject them to the 
MRI-required anesthesia despite a neurosurgeon’s recom-
mendation. Another limitation is that our cohort may not be 
representative of the “normal” population of neonates and 
infants. Our study population consists of patients referred to 
pediatric urologists for a suspected urological condition or 
procedure. In this respect, the findings in our study may be 
biased toward a higher proportion of abnormal US.

Conclusion

A multidisciplinary effort involving pediatricians, pediatric 
urologists, and pediatric neurosurgeons is warranted in the 
early recognition and diagnosis of OSD to decrease the likeli-
hood of developing permanent deficits from TCS. All LsCM 
suggestive of OSD should raise the index of suspicion, and a 
spinal US is necessary to confirm the CM location and FT 
thickness. Careful monitoring for urological impairment is 
necessary to prevent severe renal dysfunction. In addition, 
close observation of infants as they age is imperative to discern 
gait abnormalities. This study also highlights the importance of 
UDS when there are abnormal cutaneous findings. Routine 
physical examinations of the lumbar region for cutaneous man-
ifestations of OSD are imperative to confirm prompt manage-
ment of TCS and avoid potentially devastating repercussions.
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