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Abstract 

Background:  Spinal dysraphism (SD) encompasses congenital spinal defects that result from inappropriate fusion 
of the different midline osseous, mesenchymal, and neural elements. The primary tools for diagnosis of SD are both 
spinal ultrasonography (USG) and magnetic resonance imaging (MRI). Spinal USG is growingly being used as an initial 
screening modality with sensitivities and accuracies equivalent to those of MRI. Anorectal malformations (ARM) have 
ultimate association with many other congenital abnormalities, of which spinal dysraphism is one of the most com-
mon. The main aim of study was to assess the diagnostic accuracy of spinal USG as a screening modality in compari-
son with MRI in infants with closed spinal dysraphism. We also endeavored to highlight the associated spinal dysra-
phism radiological findings in patients with either ARM or back cutaneous stigmata.

Results:  Our prospective diagnostic comparative study included 33 patients, all of whom underwent both MRI 
and USG. Both MRI and USG showed appreciable agreement in the assessment of spinal dysraphism. In comparison 
with the gold standard MRI, spinal USG revealed comparable diagnostic metrics: specificity (98.6–100%), sensitivity 
(66.6–91.6%), PPV (90–100%) and NPV (94.1–98.7%) in diagnosis of different types of spinal dysraphism. The main clini-
cal presentation of nineteen patients was anorectal malformation (ARM), 11 of whom (57.9%) had evidence of associ-
ated spinal dysraphism. The most common types of ARM were cloacal malformation, recto-urethral fistula, and rectal 
atresia with no fistula. On the other hand, sixteen patients were mainly presented with back cutaneous stigmata, 11 of 
whom (68.8%) had associated spinal dysraphism. The most common presenting cutaneous stigmata were low back 
swelling and atypical dimples.

Conclusion:  The front-line screening modality for infants with closed SD should be spinal USG, however, its main 
limitation is the restrained time window in the first 6 months of life. Infants with ARM should be screened for spinal 
anomalies, especially those with high and complex types. Infants with high-risk back cutaneous stigmata should be 
similarly screened, as well.
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Background
Spinal dysraphism (SD) encompasses a wide range of 
congenital abnormalities that result from faultiness of the 
complex multi-step process of embryological develop-
ment throughout the spinal axis during the 2nd and 6th 
weeks of gestation [1]. The lumbo-sacral spine (LSS) is 
the most frequent site for these spinal anomalies [2].

Spinal axis anomalies, including both the spine and spi-
nal cord, are estimated to have an incidence of around 
1–3/1000 live births [3]. The few past decades have 
shown a significant regression in the prevalence of SD, 
primarily owing to adequate supplementary folic acid, 
along with maternal nutrition, antenatal care, prenatal 
ultrasonography (USG), and genetic screening [4].

Spinal dysraphism is categorized into open and 
closed subtypes based on the presence or absence of 
the skin covering. The skin covering is absent in open 
spinal dysraphism (OSD) and the neural elements 
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beneath are left exposed to the surrounding. Whereas, 
in closed spinal dysraphism (CSD) the neural elements 
are covered by intact skin [5].

The diagnosis of OSD is clinically obvious and post-
natal USG screening should be avoided because of the 
high risk of infection, whereas CSD is much less appar-
ent at birth [6]. It is usually made aware by the varia-
ble cutaneous stigmata, including abnormal hair tufts, 
skin pigmentation, cutaneous hemangiomas, sinus 
openings, or subcutaneous masses [7]. The associated 
relationship between cutaneous stigmata and CSD has 
been long described and relies on the intimacy of their 
embryological origin. The presence of cutaneous stig-
mata allows for timely identification of SD [2].

There is an analogous relation between patients with 
anorectal malformations (ARM) and associated con-
genital anomalies of the VACTERL spectrum. The 
spectrum of congenital anomalies incorporates spi-
nal and/or vertebral defects (V), anorectal malforma-
tions (A), congenital cardiac anomalies (C), esophageal 
atresia/tracheoesophageal fistula (TE), renal and uri-
nary abnormalities (R), and limb lesions (L). The asso-
ciation between spinal dysraphism and ARM has been 
reported to be up to 46%. Hence, patients with ARM 
are screened at birth to detect possible associated SD 
anomalies. Neonates with ARM are usually screened 
by spinal USG and confirmed by spinal magnetic reso-
nance imaging (MRI) [8].

Early identification of spinal dysraphism is crucial to 
avoid irreversible consequences such as neurological 
damage in tethered cord syndrome [9]. Neuro imaging of 
the spinal axis plays an immense role in the detection and 
classification of wide spectrum of SD anomalies [10].

Ultrasonography, being a safe portable bedside imaging 
tool that requires no sedation nor radiation, is rendered 
a valuable front-line screening modality in neonates with 
suspected spinal anomalies and is widely accepted by 
parents. The familiarity with the USG findings in neo-
nates with spinal developmental anomalies is of great 
importance [7].

The lack of ossification of the posterior spinal elements 
before 6 months of age presents a superior acoustic win-
dow for the delineation of the spinal axis, its canal con-
tent, and surrounding tissues [1].

Magnetic resonance imaging is the gold standard for 
radiological imaging of spinal dysraphism, yet it is still 
limited by its high cost and restricted availability, as well 
as the requirement of sedation in most children. Regard-
less these limitations, MRI is still the most preferable 
imaging tool particularly in those patients with high pre-
test probability for SD [2].

The main objective of our study was to assess the diag-
nostic accuracy of spinal USG as a screening modality in 

comparison with MRI in infants with closed spinal dys-
raphism. We also endeavored to highlight the associated 
spinal dysraphism radiological findings in patients with 
either ARM or cutaneous stigmata.

Methods
Study population
This is a prospective comparative cross sectional diagnos-
tic study that included 33 patients presented with clinical 
suspicion of SD. Patients of interest were recruited from 
out-patient clinic and in-patient wards of the Pediatrics, 
Obstetrics, and Pediatric neuro-surgery departments at 
our institution during the time period from January 2020 
to November 2021.

Inclusion criteria

•	 Infants less than 6 months of age (or older with large 
bony spinal defect which permits passage of USG 
beam with proper visualization of intraspinal con-
tents) presenting with back cutaneous stigmata, 
which include: High-risk dimples (greater than 5 mm 
in diameter and more than 2.5  cm above the anus), 
palpable subcutaneous mass, haemangioma/skin 
pigmentation, skin tags or tails, hairy patches, sinus 
tracts and patients with anorectal malformations, 
especially complex types.

Exclusion criteria

•	 Infants with open spinal dysraphism, infants older 
than 6 months of age with no large spinal defect (hin-
dering proper visualization of intraspinal contents) 
and infants having contraindication to MRI.

Study procedure
The patients were subjected to thorough full history tak-
ing and detailed physical examination including: general 
examination (Scoliosis), local back examination (cutane-
ous stigmata), orthopaedic examination, neurological 
examination (urinary bladder, bowel). Any previous rel-
evant studies were reviewed (Plain x-ray LSS, dedicated 
anorectal study). The procedure was explained to the 
parents and/or guardian(s). Then, all patients underwent 
high resolution USG as well as MRI examinations. One 
specialized radiologist of 5 years’ experience in pediatrics 
cross sectional imaging reviewed all MRI studies, and 
another specialized radiologist of 8 years’ experience in 
pediatric USG underwent all spinal USG examinations; 
both were blind to patients’ data and to the results of 
each other. Following Hughes et  al. [11] and others [12, 
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13], images of both USG and MRI were compared to each 
other’s and the degree of agreement between different 
findings in both studies were classified into full (where 
all findings in MRI were identified in USG), partial (some 
findings in MRI were missed in USG) and no agreement 
(where all findings of MRI were missed by USG).

Spinal USG examination
We followed the AIUM (American Institute of Ultra-
sound in Medicine) Practice Parameters—Neonatal and 
Infant Spine, 2016.

Equipment specifications
Ultrasonography was performed utilizing (Samsung 
machine HM70A/GE machine LOGIQ P9), Real time 
USG scanners using high frequency linear array trans-
ducers, ranging from 9 to 12 megahertz (MHz) in neo-
nates. A curvilinear probe (3 to 9  MHz) was used if a 
greater field of view (FOV) was required or if the acoustic 
window access was limited in older infants.

Patient positioning
The examination was performed with the infant lying in 
the prone position (although the examination can also be 
performed in lateral decubitus). When necessary, either 
the prone reversed Trendelenburg position or the upright 
position, resulted in distension of the lower thecal sac 
cerebrospinal fluid (CSF) space and permitted adequate 
demarcation of the cauda equina region. The knees could 
be flexed toward the abdomen to allow for separation of 
the spinous processes and adequate assessment of the 
contents of the spinal canal. Infants were fed prior to the 
examination to lie quietly through the study.

Technique
The spinal cord was examined in both longitudinal and 
transverse planes. Transverse images were right and left 
labeled. Longitudinal scans were ideally acquired in mid 
sagittal planes. However, in older infants with more spine 
ossification, it was usually necessary to acquire scans in 
a slightly para sagittal planes parallel to the axis of the 
spinous processes. Adequate thick USG gel layer was 
used to assess the superficial soft tissue and skin surface 
for the presence of any tract. Sterile USG gel with a sterile 
probe cover was utilized in cases where the skin was not 
intact to avoid the risk of infection. Panoramic imaging 
views of the entire spinal canal were also really helpful 
in demonstrating a full anatomical overview along with 
the relationship between the spinal cord and the verte-
bral column, as well as highlighting the level of the conus 
within the theca.

Image interpretation
Normal spinal cord anatomy and the level of termina-
tion of the conus were determined, bearing in mind the 
correct enumeration of the vertebral body levels. The 
integrity of the cord was assessed. The echogenicity and 
the thickness of the filum terminale were examined. Sub-
cutaneous masses, if present, were assessed and charac-
terized as either cystic or fatty, and interrogated for any 
intrathecal extension. The subarachnoid space was inves-
tigated for a normal anechoic USG appearance along 
with intervening linear hyperechoic nerve roots as well 
as the traversing dentate ligaments. The subarachnoid, 
dural, and epidural spaces were all evaluated for abnor-
malities including dermoid, lipoma, abscess, and other 
masses. Cine and M-mode examination were performed 
to depict the normal free oscillating movement of the 
terminal cord and nerve roots in concordance with the 
cardiac-related spinal CSF pulsations. The vertebral bod-
ies, posterior neural elements, para vertebral muscles, 
and overlying skin were evaluated meticulously. Power 
and color Duplex imaging provided proper insight on the 
vascular anatomy and aided the diagnostic accuracy. The 
high association between spinal and renal abnormalities 
required that both kidneys be scanned in longitudinal 
and axial planes before ending the study.

Spinal MRI examination
Equipment specifications
Magnetic resonance imaging study was performed using 
a 1.5 Tesla machine (Achieva, Philips medical system, 
Eindhoven, Netherlands) using an 8-channel dedicated 
phased array coil. When necessary, infants were sedated 
to keep them as quiet as possible during the scan, in 
accordance with our Radiology and Anesthesia depart-
mental guidelines.

Patient positioning
Infants were laid supine in the magnet during the proce-
dure. Some infants with back swelling were made to lie 
prone or in lateral decubitus, particularly if the lesion was 
tender.

Technique
Imaging protocol included sagittal and axial images of 
the lumbar and sacral regions. Scans were performed 
using a FOV of 200–250  mm (mm), 265 × 265 matrix 
sizes, 3 mm slice thickness, slice interval of 0.5–1.0 mm.

Turbo spin‑echo sequences were acquired using the 
following parameters:
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T1 weighted image (WI): Repetition time (TR)/Echo 
time (TE)/Flip Angle = 550/9.4/90°.
T2 weighted image (WI): TR/TE/Flip 
Angle = 4000/110/150°.

Sagittal STIR (Short Tau Inversion Recovery sequences) 
sequences were acquired using TR of 3000 ms (ms) and 
TE of 40 ms.

An additional T2WI coronal sequence was also 
acquired in cases with abnormal spinal curvature and 
vertebral segmentation defects, as well as in cases of 
diastematomyelia.

Sagittal balanced Fast Field Echo (b-FFE) sequence was 
added using the following parameters:

TR/TE/Flip angle = 7.4/3.7/45°
Gap =  − 0.5 mm
Number of signal averages (NSA) = 2
FOV = 250 (FH), 150 (AP), 30 (RL) mm.
Voxel size = 0.48 × 0.48 × 1 mm.
Matrix = 512 × 308

Image interpretation
Classification of dysraphism, site and extent of dysra-
phism, lipoma–placode interface location, position of 
conus termination and its shape, presence of cord teth-
ering/stretching, thickening and integrity of filum ter-
minale, integrity of the dura, presence of hydromyelia/
syrinx, presence of 2 hemicords, presence of dorsal der-
mal sinus ± associated meningitis, thorough full evalu-
ation of the lesions’ contents (fluid, fat, soft tissue, and 
neural elements) and extent (intra, extra, or both intra 
and extraspinal), as well as the elements passing through 
the dural and vertebral defects, vertebral anomalies such 
as, segmentation anomalies, sacral agenesis, posterior 
vertebral arch defects, Bladder and bowel involvement 
(associated neurogenic bladder/anorectal malformation).

Duration of examination
15 minutes.

Ethical considerations
The study was conducted in accordance with the stipu-
lations of the ASU ethical and scientific committee. The 
privacy of participants and confidentiality of data were 
guaranteed throughout the various phases of the study.

Statistical analysis
Data were collected, revised, coded and entered to the 
Statistical Package for Social Science (IBM SPSS) ver-
sion 23. The quantitative data with parametric distri-
bution were presented as mean, standard deviations 

and ranges while with nonparametric were presented 
as median with inter-quartile range (IQR). Also, 
qualitative variables were presented as number and 
percentages.

The comparison between groups regarding qualita-
tive data was done by using Chi-square test and/or Fisher 
exact test when the expected count in any cell found less 
than 5.

Kappa agreement was used to assess the agreement 
between MRI and USG with its 95% confidence interval.

Receiver operating characteristic curve (ROC) was used 
in the form of qualitative mode to assess sensitivity, spec-
ificity, positive predictive value (PPV), negative predic-
tive value (NPV) and accuracy of USG taking MRI as a 
gold standard.

The confidence interval was set to 95% and the margin 
of error accepted was set to 5%. So, the P value was con-
sidered significant as the following:

P value > 0.05: Non-significant (NS)
P value < 0.05: Significant (S)
P value < 0.01: Highly significant (HS)

Results
Demographics of study population
Our study encompassed thirty-three patients, seventeen 
males (51.5%) and sixteen females (48.5%). Their age 
group ranged from 9 days to 2 years with a mean age of 
5.3 months.

Distribution of study population
The distribution of the studied patients was categorized 
according to each of following: their main clinical pres-
entation, non-spinal associated anomalies, and spinal 
segment(s) involvement.

As represented in Table 1 and shown in Fig. 1, the main 
clinical presentation of our study population was either 
back cutaneous stigmata (16 patients) and/or ARM (19 
patients), classified and enumerated accordingly. Of the 
aforementioned 16 patients with cutaneous stigmata, 
4 patients had multiple concurrent cutaneous lesions. 
Whereas of the total 33 patients, 2 patients were pre-
sented with both cutaneous stigmata (both of whom had 
back swellings, one fatty and the other cystic) and ARM 
(both of whom had a rectourethral fistula) (Figs. 2, 3).

Non-spinal associated anomalies confronted in our 
study were renal anomalies (40%), hydrocephalus (20%), 
lower limb anomalies (10%), genital anomalies (10%), car-
diac anomalies (10%), and motor anomalies (5%) (Figs. 3, 
4).

In our study, lumbosacral involvement was most fre-
quently encountered in 7 patients (35%), after which was 
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the lumbar spine in 6 patients (30%), sacrococcygeal in 5 
patients (25%), and lastly dorsolumbar in 2 patients (10%) 
(Figs. 4, 5).

Prevalence and subtypes of CSD in our study population
In our study population, 20 patients (60.6%) had spinal 
dysraphism, while 13 (39.4%) screened infants showed no 
evidence of spinal dysraphism.

Table  2 displays the distribution of the study popula-
tion according to the subtype of spinal dysraphism.

Association between SD and each type of ARM
Out of the 19 patients presented with ARM, 11 patients 
(57.9%) had spinal dysraphism, while 8 (42.1%) showed 
no evidence of spinal dysraphism.

Table  3 represents the association between each sub-
type of ARM and SD and their relative significance using 
Chi square test. All the ARM subtypes showed no signifi-
cant relation with SD (P value > 0.05).

Association between SD and cutaneous stigmata
Out of the 16 patients presented with cutaneous stig-
mata, 11 patients (68.8%) had spinal dysraphism while 5 
(31.2%) showed no evidence of spinal dysraphism.

Table  4 represents the association between each sub-
type of back cutaneous stigmata and SD and their relative 
significance using Chi square test. Out of the different 
subtypes, only back swelling revealed a significant rela-
tion with SD (P value 0.029) (Figs. 2, 3, 4, 6).

Table 1  Distribution of study population in terms of main 
clinical presentation

Main clinical presentation Total no. = 33

Back cutaneous stigmata Number Percentage (%)

Hemangioma 1 (3.0%)

Skin discoloration (pigmentation) 4 (12.1%)

Dimple 6 (18.2%)

Swelling 6 (18.2%)

  Fatty 2 (6.1%)

  Cystic 4 (12.1%)

Hair tuft 3 (9.1%)

Skin tag 1 (3.0%)

ARM
Rectourethral fistula 4 (12.1%)

Rectal atresia 4 (12.1%)

Cloacal malformation 5 (15.2%)

Vestibular fistula 3 (9.1%)

Perineal fistula 2 (6.1%)

Rectovaginal fistula 1 (3.0%)

Fig. 1  Diagnostic flow chart of the study population. Note 2 patients were presented with both ARM and back cutaneous stigmata. ARM anorectal 
malformation, SD spinal dysraphism, OSD open spinal dysraphism
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Fig. 2  One-month-old male infant presented with low back fatty swelling and ARM. A Sagittal T2WI showing agenesis of S3, 4, 5 sacral elements 
and coccyx in keeping with sacral agenesis type II (white arrow). B Midline sagittal T2WI showing low lying conus medullaris ending at level of L3–4 
disk yet with normal tapering appearance (black arrow), note also evidence of high-level ARM; above puborectalis muscle, with rectourethral fistula 
(Black empty arrow). C Sagittal T1WI showing herniation of subcutaneous fat through dural defect into spinal canal (white arrow). D Sagittal T1WI 
showing lipoma-placode interface outside spinal canal (star). E Sagittal USG image showing conus medullaris tip at level of L4 (black arrow), with 
subcutaneous fatty mass seen herniating into spinal canal (white arrow). F Axial USG image showing herniation of neural placode (dashed arrow) 
outside the confinement of spinal canal (curved black arrow, lamina). G Axial USG image at level of L4 showing lamina (white arrows), epidural fat 
(star) and cauda equina nerves (black arrow). Type of spinal dysraphism: Lipomyelomeningeocele with partial sacral agenesis
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Agreement between spinal USG and MRI findings 
in diagnosis of CSD
Regarding the degree of agreement between USG 
and MRI there were 28 cases (84.8%) that showed full 
agreement. Partial agreement was seen in 3 cases (9%) 
all of which included missed USG findings, as follows: 
complicated meningitis in a case with dermal sinus 
tract (DST), spinal lipoma associated with a case of 
caudal regression syndrome (CRS), and neural tissue 
within the herniating sac in a case of lipomyelomenin-
gocele. Whereas there was no agreement whatsoever in 
two cases (6.1%) where USG failed to show any of the 
findings demonstrated by MRI, including a case with 
limited dorsal myeloschisis (LDM) and another with 
persistent terminal ventricle.

Accuracy of USG compared to MRI in the detection 
of both spinal cord and bony element anomalies 
in patients with spinal dysraphism
Tables 5 and 6 display the agreement between USG and 
MRI in the diagnosis of each subtype of spinal dysra-
phism and segmentation/vertebral spine anomalies, 
respectively. As a rule of thumb, (κ = 1) indicates per-
fect agreement, (0.8–1) excellent agreement, (0.6–0.8) 
good agreement, (0.4–0.6) fair agreement, (0–0.4) poor 
agreement, and (κ = 0) indicates agreement by chance 
alone. 

Tables 7 and 8 reveal the significance of the relation 
between USG and MRI in the diagnosis of each type of 
spinal dysraphism and segmentation/vertebral spine 
anomalies, respectively. Significant P values of less than 
0.001 was exhibited in all subtypes of spinal dysraphism 
as well as segmentation/vertebral spine anomalies, as 
tabulated. Hence, there is strong evidence that agree-
ment between USG and MRI in diagnosis of different 
types of spinal dysraphism did not occur by chance 
alone.

The overall accuracy of spinal USG compared to MRI 
in the diagnosis of spinal dysraphism were as follows: 
specificity ranging from 98.6–100%, sensitivity rang-
ing from 66.6–91.6%, PPV ranging from 90–100%, and 

NPV ranging from 94.1–98.7%. There was compelling 
overall accuracy of the detailed imaging findings of 
USG compared to MRI (κ = 0.973).

Discussion
The spinal segment involvement encountered in our 
study (as forementioned in the results above), were com-
parably concordant with Tawfik et al. [12] and Kommana 
et al. [10] whom both showed that the LSS was the most 
commonly affected region in 71.1% and 28.5%, followed 
by the dorsolumbar spine in 17.8% and 21.4%, and the 
sacrococcygeal spine in 11.1% and 14%, respectively. 
Whereas Dhingani et  al. [13] showed that the LSS was 
the most common involved in 52.6% of patients, followed 
by the sacrococcygeal spine in 34.2%.

On the contrary to the Tawfik et  al. [12], Kommana 
et al. [10], and Dhingani et al. [13] studies which included 
cases of both open and closed SD, we only included 
cases of CSD to be more precise and since OSD actually 
requires no imaging.

The most common subtypes of SD encountered in our 
study are presented in Table 2. Both Tawfik et al. [12] and 
Dhingani et  al. [13] showed comparable similar preva-
lences of the forementioned CSD subtypes, apart from 
the mere 6.6% for tethered cord in Tawfik et  al. [12] as 
opposed to the compelling 60% in our own cohort.

Non-spinal associated anomalies confronted in our 
study varied in diversity and frequentness compared 
to other studies as discussed in detail in results section. 
Ruangtrakool et al. [14] documented fecal incontinence, 
urinary incontinence, motor symptoms, gait abnormali-
ties, and scoliosis, in order of frequency. Whereas Tawfik 
et  al. [12] documented neurological abnormalities, uri-
nary incontinence, hydrocephalus, and Chiari malforma-
tion, in order of frequency.

Many of these associated non-spinal anomalies can 
probably be attributable to the tethered cord syndrome, 
whereby the fixation of the filum terminale causes sec-
ondary traction injury unto the spinal cord.

Our study, along with Ruangtrakool et al. [14], Oh et al. 
[15] and Jehangir et  al. [16], implemented the Kricken-
beck’s classification system for ARMs.

Fig. 3  Four-month-old male infant presented with ARM, lower back cystic swelling, and lower limb anomalies. A Plain AP radiograph of pelvis 
showing pronounced structural skeletal caudal defect in the form of hypoplastic left iliac and ischial bones, absent femur on left side with only 
femoral head and neck visualized on right side. B Axial T2WI showing dilated central canal (thin black arrow) within a dilated subarachnoid space 
herniating outside confines of spinal canal (thick black arrow) through defect in posterior element of S1 vertebra. Note also ectopic location of left 
testis in left aspect of anterior pelvic wall (white arrow) which corresponds to diffusion restriction seen in C. D Catheterization of single opening 
in upper perineum discharging urine revealed contrast opacification of distal bowel rectal loop with non-visualized urinary bladder in keeping 
with rectourethral fistula. E Panoramic sagittal USG image showing tethered cord with herniating dilated central canal (thin white arrow) within a 
meningocele (thick white arrow) through defect in upper sacral vertebra giving cyst within cyst appearance. Type of spinal dysraphism: Terminal 
myelocystocele

(See figure on next page.)
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Fig. 3  (See legend on previous page.)
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Fig. 4  Twenty-day-old female infant presented with multiple back masses, 2 cystic and one solid at both dorsal and lumbar levels. A 3D 
reconstruction image of bony spine showing multilevel segmentation anomalies with complete splitting of lower 6 thoracic vertebrae into 2 
separate spinal canals. B Axial T2WI at upper dorsal level showing 2 hemicords herniating into two sacs in keeping with hemi-myelomeningoceles, 
on the left side shows focal rupture (white arrow). C Axial T2WI at upper lumbar level showing another intact myelomeningocele containing two 
hemi cords, note left sided hydronephrosis. D Sagittal fat suppressed image of whole spine showing upper dorsal and lumbar myelomeningoceles 
(white arrows) as well as lower dorsal heterogenous fat containing lesion (white star), note associated hydrocephalus. E Coronal T2WI showing 
segmental lower dorsal splitted bony elements with heterogenous mass in-between containing both fatty and bony elements histopathologically 
proven to be teratoma. F, G Bed side axial USG images showing two hemicords within single dural sheath (white arrows). H Axial CT image bone 
window at lower dorsal level showing splitted spinal canal. Type of spinal dysraphism: Split notochord (Diastematomyelia) with myelomeningoceles
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Fig. 5  Eight-month-old male infant presented with upper dorsal atypical skin dimple (crater) associated with cardiac congenital anomaly (TGA). 
A An upper dorsal cutaneous deep wide dimple (crater) with mild hypertrichosis. B Sagittal MRI T2WI showing fibrous tract extending from skin 
surface at level of D1/D2 vertebrae passing deeply into spinal canal with tethering and slight tenting of spinal cord at that level (black arrow), dorsal 
CSF flow artifact (star). C Axial MRI T2WI showing the fibrous tract passing though spinal bifida of D2 vertebra (black arrow) with minimal syrinx at 
that level (curved black arrow). D Sagittal USG image showing minimally dilated central canal (black arrow). E Axial USG image showing the fibrous 
tract extending from skin surface into spinal canal. F Sagittal T2WI at level of lumbar spine showing conus tip at level of L2 vertebrae (black arrow) 
with relatively thickened filum terminale. G Axial T2WI showing thickened filum terminale (white arrow). H, I Axial and Sagittal USG images showing 
thickened echogenic filum terminale measuring 2.1 mm. J M mode USG image at L5-S1 level showing absent movement of nerve roots. Type of 
spinal dysraphism: Dorsal LDM with focal syrinx and tight filum terminale
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In our study, we found that 57.9% of the screened 
patients with ARMs had coexistent spinal dysraphism. 
This prevalence ranged 16.2% in Ruangtrakool et  al. 
[14], 22% in Oh et al. [15] and 42% in Esposito et al. [17] 
studies.

The most common subtypes of ARM encountered in 
our study (as detailed in Table  1) were similar to ARM 

subtypes encountered in other studies conducted by 
Ruangtrakool et al. [14], Jehangir et al. [16], and Minneci 
et al. [18].

In our study, the most common subtype of ARM asso-
ciated with coexistent spinal dysraphism are enumerated 
in Table 3. In comparison with other similar studies [14, 
16, 18] the most common ARM subtypes associated with 
SD were the cloacal malformation and rectourethral fis-
tulas, whereas the least common was the perineal fistula. 
However, these studies differed from ours, in showing a 
highly common association between the rectovesical fis-
tula, which was not included in our study population, and 
SD.

The most common subtypes of SD coexisting in these 
patients with ARM, in both our study and other studies 
[14, 18], were tethered cord and segmentation/vertebral 
spine anomalies.

Spinal dysraphism has been reported to frequently 
coexist with cutaneous stigmata, ranging from as low as 
5% in Resmi et al. [19] and up to 26% and 33% in Shields 
et  al. [20] and O’Neil et  al. [21], respectively. However, 
the wide variation in the morphological appearances of 
the lumbosacral and coccygeal regions along with the 
sparsity of the literature regarding the predictive value 
of these variations, creates a diagnostic dilemma when 
it comes to screening neonates [9]. On the contrary, 
a vast majority of patients (about 50–80%) with SD are 

Table 2  Distribution of study population regarding subtypes of 
closed spinal dysraphism

Spinal dysraphism type Number 
(SD = 20)

Percentage (%)

Tethered cord 12 (60%)

Lipomyelocele 1 (5%)

Lipomyelomeningocele 2 (10%)

Meningocele 1 (5%)

Terminal myelocystocele 2 (10%)

Spinal lipoma 3 (15%)

Lipoma of the filum terminale 3 (15%)

LDM 3 (15%)

Dermal sinus tract 1 (5%)

Tight filum terminale 2 (10%)

Persistent terminal ventricle 1 (5%)

Caudal regression syndrome 3 (15%)

Diastematomyelia 1 (5%)

Table 3  Association between each type of ARM and spinal dysraphism and its significance

P value > 0.05: non significant; P value < 0.05: significant; P value < 0.01: highly significant

*Chi-square test

ARM No spinal dysraphism Spinal dysraphism Test value P value Sig.
No. = 13 No. = 20

Rectourethral fistula

 No 13 (100.0%) 16 (80.0%) 2.959* 0.085 NS

 Yes 0 (0.0%) 4 (20.0%)

Rectal atresia

 No 10 (76.9%) 19 (95.0%) 2.417* 0.120 NS

 Yes 3 (23.1%) 1 (5.0%)

Cloacal malformation

 No 11 (84.6%) 17 (85.0%) 0.001* 0.976 NS

 Yes 2 (15.4%) 3 (15.0%)

Vestibular fistula

 No 12 (92.3%) 18 (90.0%) 0.051* 0.822 NS

 Yes 1 (7.7%) 2 (10.0%)

Perineal fistula

 No 11 (84.6%) 20 (100.0%) 3.275* 0.070 NS

 Yes 2 (15.4%) 0 (0.0%)

Rectovaginal fistula

 No 13 (100.0%) 19 (95.0%) 0.670* 0.413 NS

 Yes 0 (0.0%) 1 (5.0%)
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presented with cutaneous stigmata, as documented by 
Shields et  al. [20] and Choi et  al. [22]. This was in con-
cordance with the 55% confronted in our study cohort.

In our study population, 16 patients had cutaneous 
stigmata, who are further categorized in Table  1. The 6 
patients with dimples were further categorized as 2 iso-
lated cases and 4 associated with other lesions (1 with a 
hair tuft, 1 with skin discoloration, 1 with both hair tuft 
and skin discoloration, and 1 with a hemangioma). Other 
studies, such as Resmi et  al. [19], included many other 
subtypes of cutaneous stigmata in their study, including 
café au lait macules, melanocytic and sebaceous nevi, and 
aplasia cutis.

Spinal dysraphism was coexistent in 11 out of the 
16 forementioned patients in our cohort. All the 6 
patients with back swellings were associated with SD 
(1 meningocele, 2 terminal myelocystoceles, 1 tera-
toma + myelomeningeocele, 1 lipomyelocemingocele, 
and 1 lipomyelocele). While only 4 out of the 6 patients 
with dimples were associated with SD (1 dorsal sinus 
tract, 1 limited dorsal myeloschisis, 1 limited dor-
sal myeloschisis + intradural lipoma, 1 limited dorsal 

myeloschisis + tight filum terminale). The single patient 
with a skin tag was associated with a spinal lipoma.

Resmi et  al. [19] revealed meningocele as the most 
common spinal anomaly. While Shields et al. [20], O’Neil 
et  al. [21], and Choi et  al. [22] revealed that low lying 
conus medullaris and fatty filum terminale were the most 
common encountered SD subtypes.

Regarding combined cutaneous stigmata, found in 4 
patients of our study cohort (3 of whom had two stig-
mata and 1 had three), we revealed a significantly higher 
association with SD in patients with combined stigmata 
rather than single stigmata. This was in concordance with 
most of the other studies [19–22].

With sensitivities comparable to those of MRI, spinal 
USG is growingly being implemented as an initial screen-
ing modality in SD [12].

We evaluated the diagnostic accuracy of USG in 
screening patients with spinal dysraphism by comparing 
its results with spinal MRI. This is because spinal MRI 
is well known to be the gold standard in examining the 
spine and has been proven by Dhingani al. [13] to show a 
100% correlation with operative findings.

Table 4  Association between each type of back cutaneous stigmata and spinal dysraphism and its significance

P value > 0.05: non significant; P value < 0.05: significant; P value < 0.01: highly significant

*Chi-square test

Skin stigmata No spinal dysraphism Spinal dysraphism Test value P value Sig.
No. = 13 No. = 20

Hemangioma

 No 13 (100.0%) 19 (95.0%) 0.670* 0.413 NS

 Yes 0 (0.0%) 1 (5.0%)

Skin discoloration

 No 10 (76.9%) 19 (95.0%) 2.417* 0.120 NS

 Yes 3 (23.1%) 1 (5.0%)

Dimple

 No 11 (84.6%) 16 (80.0%) 0.113* 0.737 NS

 Yes 2 (15.4%) 4 (20.0%)

Swelling

 No 13 (100.0%) 14 (70.0%) 4.767* 0.029 S

 Yes 0 (0.0%) 6 (30.0%)

Type of swelling

 No 13 (100.0%) 14 (70.0%) 4.767* 0.092 NS

 Fatty 0 (0.0%) 2 (10.0%)

 Cystic 0 (0.0%) 4 (20.0%)

Hair tuft

 No 11 (84.6%) 19 (95.0%) 1.028* 0.311 NS

 Yes 2 (15.4%) 1 (5.0%)

Skin tag

 No 13 (100.0%) 19 (95.0%) 0.670* 0.413 NS

 Yes 0 (0.0%) 1 (5.0%)
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We concluded from our study that USG showed com-
parable accuracy to MRI, with a 100% specificity, 81.4% 
sensitivity, 100% PPV, and 97% NPV. These diagnostic 
accuracy metrics were comparably concordant with Taw-
fik et  al. [12] revealing 94.5% specificity, 81.8% sensitiv-
ity, 84.3% PPV, 86.7% NPV; Jehangir et al. [16] revealing 
91% sensitivity, 75% specificity, 80% PPV, and 88% NPV; 

and Elmesallamy et al. [23] revealing 100% specificity and 
83.3% sensitivity compared to gold standard MRI.

Regarding the degree of agreement (full, partial, and 
no agreement) between the USG and MRI findings, as 
detailed in our forementioned results, we revealed com-
parable results to other studies [10, 12, 13] conduct-
ing the same categorization of agreement. Whereby we 

Fig. 6  Two-year-old male infant presented with low back fatty swelling since birth. A Sagittal T2WI, B Sagittal T1WI, C Sagittal fat suppressed images 
showing tethered cord ending at level of L5 with a subcutaneous fatty mass extending into spinal canal through non fused spinous process of L5, 
S1 and S2 as well as dural defect with lipoma placode interface seen within spinal canal (white arrows in A, B and C), a hypointense lesion is seen at 
the interface likely fibrous/calcified elements. D Sagittal USG image showing tethered cord at level of L5 (white arrow). E Axial USG image at level of 
L5 showing non fused spinous process with herniation of subcutaneous fat into spinal canal. Type of spinal dysraphism: Lipomyelocele
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found full, partial, and no agreement in 84.8%, 9.1%, and 
6.1%. While Tawfik [12], Dhingani [13], and Kommana 
[10] et  al. found full agreement in 88%, 79.3%, 62.5%, 

partial agreement in 12%, 20.7%, 25%, and no agreement 
in 66.7% (patients > 2 yrs.), 0%, 12.5%, respectively.

Table 5  Detailed agreement between USG and MRI findings regarding each subtype of spinal dysraphism

P value > 0.05: non significant; P value < 0.05: significant; P value < 0.01: highly significant

*Chi-square test

Type of spinal 
dysraphism

MRI Ultrasound Test value P value Kappa agreement (95% CI)
No. (%) No. (%)

Tethered cord

 No 8 (40.0%) 9 (45.0%) 0.102* 0.749 0.898 (0.704 to 1.000)

 Yes 12 (60.0%) 11 (55.0%)

Lipomyelocele

 No 19 (95.0%) 19 (95.0%) 0.000* 1.000 1.000 (1.000 to 1.000)

 Yes 1 (5.0%) 1 (5.0%)

Lipomyelomeningocele

 No 18 (90.0%) 18 (90.0%) 0.000* 1.000 1.000 (1.000 to 1.000)

 Yes 2 (10.0%) 2 (10.0%)

Meningocele

 No 19 (95.0%) 19 (95.0%) 0.000* 1.000 1.000 (1.000 to 1.000)

 Yes 1 (5.0%) 1 (5.0%)

Terminal myelocystocele

 No 18 (90.0%) 18 (90.0%) 0.000* 1.000 1.000 (1.000 to 1.000)

 Yes 2 (10.0%) 2 (10.0%)

Spinal lipoma

 No 17 (85.0%) 18 (90.0%) 0.229* 0.632 0.773 (0.350 to 1.000)

 Yes 3 (15.0%) 2 (10.0%)

Lipoma of the filum terminale

 No 17 (85.0%) 17 (85.0%) 0.000* 1.000 1.000 (1.000 to 1.000)

 Yes 3 (15.0%) 3 (15.0%)

LDM

 No 17 (85.0%) 18 (90.0%) 0.229* 0.632 0.773 (0.350 to 1.000)

 Yes 3 (15.0%) 2 (10.0%)

DST

 No 19 (95.0%) 19 (95.0%) 0.000* 1.000 1.000 (1.000 to 1.000)

 Yes 1 (5.0%) 1 (5.0%)

DST with meningitis

 No 19 (95.0%) 20 (100.0%) 1.026* 0.311 0 (0.000 to 0.000)

 Yes 1 (5.0%) 0 (0.0%)

Tight filum terminale

 No 18 (90.0%) 18 (90.0%) 0.000* 1.000 1.000 (1.000 to 1.000)

 Yes 2 (10.0%) 2 (10.0%)

Persistent terminal ventricle

 No 19 (95.0%) 20 (100.0%) 1.026* 0.311 0 (0.000 to 0.000)

 Yes 1 (5.0%) 0 (0.0%)

CRS

 No 17 (85.0%) 17 (85.0%) 0.000* 1.000 1.000 (1.000 to 1.000)

 Yes 3 (15.0%) 3 (15.0%)

Diastematomyelia

 No 19 (95.0%) 19 (95.0%) 0.000* 1.000 1.000 (1.000 to 1.000)

 Yes 1 (5.0%) 1 (5.0%)
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Regarding the missed USG findings in cases of partial 
agreement, we and Dhingani et  al. [13] both similarly 
missed cases of tethered cord and intradural lipoma.

Most of the missed cases in our study, limiting the 
accuracy of USG, were in patients above 6 months of age. 
However, Jehangir et al. [16] also mentioned that despite 
the higher detection rates of spinal anomalies by MRI, 
this has not reflected on surges in surgical intervention. 
Hence, the significance of those spinal anomalies missed 
by USG, is still uncertain.

It is important to note that we revealed from our study 
relatively lower USG sensitivity levels (57.1%) in cases of 
segmentation/vertebral spine anomalies, USG showed 
particularly better diagnostic yield in cases of complete 
agenesis of the spine, such as sacral agenesis. Whereas 
USG lagged in cases of segmentation spine anomalies, 
such as butterfly hemivertebrae, or partial hemi-sacral 
agenesis.

Interestingly enough, we encountered in our study a 
diagnostic dilemma when differentiating between DST 
and LDM on imaging. However, guided by the Lee et al. 
study [24], we managed to solve this dilemma, using 
their concluded LDM distinct imaging features "a vis-
ible intrathecal tract with dorsal tenting of the cord at 
the tract-cord union", whereas DST is commonly associ-
ated with infection and dermoid or epidermoid tumors. 
Moreover, we were also guided by the Pang et  al. study 
[25], in the subclassification of LDM into saccular, flat 
(non-saccular), and saccular with transitional skin lesion. 
The latter, as illustrated in Fig.  7, showing "a squamous 

epithelium-lined bubble on an otherwise flat skin surface 
when the patient strained".

Despite the high diagnostic accuracy of spinal USG, we 
still recommend performing high resolution MRI with 
thin sections in all patients with a sinus tract, to deline-
ate the whole tract length, its exact termination, and site 
of attachment to the cord. This is because we faced many 
challenges when trying to delineate the sinus tracts using 
USG as shown in Fig.  7 and when attempting to assess 
their complications, such as meningitis and intraspinal 
abscesses.

In agreement with Hughes et  al. [11], we reported 
another challenge when using USG to distinguish 
between echogenic lesions and surrounding cauda 
equina nerve roots that appear thick and echogenic in 
neonates, thus leading to high false-positive and false-
negative results in such cases as terminal lipomas and 
fatty fila. Therefore, MRI yields better detection of fatty 
lesions due to superior tissue characterization.

On the other hand, USG revealed excellent accuracy in 
the determination of level of conus termination, as well 
as in the exclusion of cord tethering by examining conus 
and nerve roots motility by cine B mode and quantified 
M mode. Ultrasonography also showed high specificity 
in differentiating solid and cystic masses with superior 
characterization of the cystic mass contents (nerve end-
ings, cyst within cyst, multi locules, etc.).

Before we wrap up, we would like to emphasize that 
screening tests are conducted upon asymptomatic pop-
ulations to highlight the subgroups at risk who require 

Table 6  Detailed agreement between USG and MRI findings regarding detection of segmentation/vertebral spine anomalies

P value > 0.05: non-significant; P value < 0.05: significant; P value < 0.01: highly significant

*Chi-square test

Type of spinal 
dysraphism

MRI Ultrasound Test value P value Kappa agreement (95% CI)
No. (%) No. (%)

Segmentation/vertebral spine anomalies

 No 13 (65.0%) 16 (80.0%) 1.129* 0.288 0.634 (0.279 to 0.989)

 Yes 7 (35.0%) 4 (20.0%)

Fig. 7  A 45-day-old male infant presented with lower back wide deep cutaneous dimple (crater) with small, discolored swelling mildly enlarging 
with straining shown in A. B, C Axial and Sagittal T2WI showing left para midline subcutaneous cystic lesion (Asterix) at level of S1/S2 vertebrae with 
a fibrous tract seen extending deeply passing though S2 spinal bifida into spinal canal. D Sagittal T2WI showing termination of conus medullaris 
at level of mid L4 vertebral body, hypointense tract is seen traceable in CSF space and separately identified till its attachment in dorsal aspect of 
conus medullaris (white arrow). E Sagittal T1WI showing tiny hyperintense focus on left side of conus medullaris representing intradural lipoma 
(white arrow). F Axial USG image at level of tip of conus medullaris showing small echogenic well defined fatty lesion representing intradural 
lipoma (white arrow). G Sagittal USG image at level of upper S1/S2 vertebral level showing subcutaneous cystic lesion with hypoechoic fibrous tract 
extending deeply into spinal canal. H Sagittal USG image showing level of termination of conus medullaris at mid L4 vertebral body level. I M mode 
USG image at level of L5 showing absence of oscillation of cauda equina nerve roots denoting tethered cord. Type of spinal dysraphism: Transitional 
form of LDM with tethered cord and intradural lipoma

(See figure on next page.)
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Fig. 7  (See legend on previous page.)
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further assessment. Screening tests are applied unto large 
populations and hence have to be simple, cost effective, 
readily available, and non-invasive [16]. Spinal USG is a 
perfect match that fulfils all the above criteria with rea-
sonable accuracy.

Hence, we finally recommend that the high-risk 
patients for SD who require appropriate screening, are 
those patients with ARM, particularly high level and 
complex types, as well as patients with back cutaneous 
stigmata, particularly atypical dimples and swellings. 
Ultrasonography should be used as a front-line screening 
test. If USG is abnormal, equivocal or technically limited, 
MRI evaluation is advised.

The main limitations of our study were the small study 
population, the sparsity of some of the included subtypes 
of ARMs and back cutaneous stigmata, as well as the 
inclusion of some older patients with ossified posterior 
spinal elements.

Conclusion
We have concluded that spinal USG is a very powerful 
tool with comparable sensitivity and specificity to MRI. 
However, its main limitation is the narrow time window 
prior to the ossification of the posterior spinal elements, 
after which its diagnostic accuracy falls behind.

Since closed spinal dysraphism usually presents late 
with symptoms of cord tethering, we recommend USG 
as a screening (not diagnostic) modality in the neonatal 
period. We have attempted in our study to specify the 
high-risk patients endorsed for USG screening.

Abbreviations
USG: Ultrasonography; MRI: Magnetic resonance imaging; SD: Spinal dysra-
phism; OSD: Open spinal dysraphism; CSD: Closed spinal dysraphism; ARM: 
Anorectal malformation; T1WI: T1-weighted imaging; T2WI: T2-weighted 
imaging; STIR: Short inversion recovery; b-FFE: Balanced fast-field echo; TR: 
Repetition time; TE: Echo time; FOV: Field of view; CRS: Caudal regression 

Table 7  Relation between USG and MRI as regarding diagnosis 
of each subtype of spinal dysraphism

P value > 0.05: non significant; P value < 0.05: significant; P value < 0.01: highly 
significant

*Chi-square test

 USG MRI Test value P value Sig.

No Yes

No. (%) No. (%)

Tethered cord

 No 8 (100.0%) 1 (8.3%) 16.296* 0.000 HS

 Yes 0 (0.0%) 11 (91.7%)

Lipomyelocele

 No 19 (100.0%) 0 (0.0%) 20.000* 0.000 HS

 Yes 0 (0.0%) 1 (100.0%)

Lipomyelomeningocele

 No 18 (100.0%) 0 (0.0%) 20.000* 0.000 HS

 Yes 0 (0.0%) 2 (100.0%)

Meningocele

 No 19 (100.0%) 0 (0.0%) 20.000* 0.000 HS

 Yes 0 (0.0%) 1 (100.0%)

Myelocystocele

 No 18 (100.0%) 0 (0.0%) 20.000* 0.000 HS

 Yes 0 (0.0%) 2 (100.0%)

Spinal lipoma

 No 17 (100.0%) 1 (33.3%) 12.593* 0.000 HS

 Yes 0 (0.0%) 2 (66.7%)

Lipoma of the filum terminale

 No 17 (100.0%) 0 (0.0%) 20.000* 0.000 HS

 Yes 0 (0.0%) 3 (100.0%)

LDM

 No 17 (100.0%) 1 (33.0%) 12.593* 0.000 HS

 Yes 0 (0.0%) 2 (66.0%)

DST

 No 19 (100.0%) 0 (0.0%) 20.000* 0.000 HS

 Yes 0 (0.0%) 1 (100.0%)

Meningitis

 No 19 (100.0%) 1 (100.0%) - - -

 Yes 0 (0.0%) 0 (0.0%)

Tight filum terminale

 No 18 (100.0%) 0 (0.0%) 20.000* 0.000 HS

 Yes 0 (0.0%) 2 (100.0%)

Persistent terminal ventricle

 No 19 (100.0%) 1 (100.0%) – – –

 Yes 0 (0.0%) 0 (0.0%)

CRS

 No 17 (100.0%) 0 (0.0%) 20.000* 0.000 HS

 Yes 0 (0.0%) 3 (100.0%)

Diastematomyelia

 No 19 (100.0%) 0 (0.0%) 20.000* 0.000 HS

 Yes 0 (0.0%) 1 (100.0%)

Table 8  Relation between USG and MRI as regarding diagnosis 
of segmentation/vertebral spine anomalies

P value > 0.05: non significant; P value < 0.05: significant; P value < 0.01: highly 
significant

*Chi-square test

 USG MRI Test value P value Sig.

No Yes

No. (%) No. (%)

Segmentation/vertebral spine anomalies

 No 13 (100.0%) 3 (42.9%) 9.286* 0.002 HS

 Yes 0 (0.0%) 4 (57.1%)
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syndrome; LDM: Limited dorsal myeloschisis; DST: Dermal sinus tract; CSF: 
Cerebrospinal fluid; NSA: Number of signal averages; MHz: Megahertz; mm: 
Millimeter; ms: Milliseconds; LSS: Lumbosacral spine; PPV: Positive predictive 
value; NPV: Negative predictive value; IQR: Interquartile range; S: Significant; 
NS: Non-significant.
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