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Abstract

Purpose Tethered cord syndrome (TCS) can be detected on spinal ultrasound (s-US) performed by anesthesiologists immedi-
ately prior to caudal epidural block. In such cases, neurosurgical consultation should be considered to ensure timely diagnosis
and treatment. This study aimed to describe: (1) the frequency of TCS requiring surgery in pediatric urological cases with
sacral dimples following neurosurgical consultation; (2) the sacral dimple morphology indicative of TCS; and (3) filum
terminale thickness as a predictor of TCS.

Methods This retrospective, single-center, descriptive study included children <3 years old with sacral dimples undergoing
their first urological surgery with caudal epidural block between April 2019 and June 2024. We described: (1) the proportion
of cases requiring spinal surgery based on s-US and postoperative magnetic resonance imaging (MRI); (2) differences in the
proportions of patients with dimple long diameter >5 mm and distance from anal margin >25 mm between TCS and non-TCS
cases; and (3) the optimal filum terminale thickness for predicting TCS using receiver operating characteristic curve analysis.
Results Among 130 patients analyzed, 6 (4.6%) underwent tethered cord release surgery based on abnormal findings from
s-US and postoperative MRI. A significant difference in the proportion of patients with dimple long diameter >5 mm was
identified between TCS and non-TCS cases (p=0.046). A cutoff filum terminale thickness > 1.3 mm yielded a Youden index
of 0.73, with 93% sensitivity and 80% specificity for detecting filum terminale lipoma.

Conclusion Spinal ultrasonography and dimple size may help to identify underlying TCS.

Keywords Dimple - Caudal epidural block - Spinal ultrasound - Spinal MRI

Introduction

Tethered cord syndrome (TCS) can be detected during spinal
ultrasound performed by anesthesiologists just before cau-
dal epidural block [1]. If spinal ultrasound findings suggest
TCS, consultation with a neurosurgeon should be considered
to ensure the patient does not miss an opportunity for timely
treatment. However, no studies have shown the results of
consultations with neurosurgeons for TCS discovered during
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caudal epidural block. Avoiding puncture of a tethered spinal
cord is crucial to performing safe caudal epidural block. TCS
can be effectively identified by detecting a low-lying conus
medullaris and increased thickness of the filum terminale
within the sacrum. We, therefore, developed a method of
systematic spinal ultrasound screening (s-US) for the lumbar
and sacral spine that can be performed in 3-5 min [2].

Not all cases with dimples have undergone examinations
to detect TCS prior to the planned surgeries. Moreover, the
actual probability of TCS being present is relatively low,
even among children with dimples [3]. Caudal epidural
block is considered safe to perform on dimple cases, pro-
vided no TCS are present. However, no gold standard has
yet been defined for the detection of TCS in cases where
dimples were noted for the first time just prior to performing
caudal epidural block.

Children with urological diseases show a relatively
high incidence of TCS [4], which often represents a
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contraindication for caudal epidural block [5]. Caudal epi-
dural block remains a widely accepted technique for provid-
ing analgesia during lower abdomen and perineal surgeries
in urological cases. As a result, dimples that indicate TCS
should be carefully assessed in urological cases before pro-
ceeding with caudal epidural block to avoid iatrogenic spinal
cord injuries.

The morphology of the dimple and spinal ultrasound may
be helpful in detecting TCS. The following cutoff values
for dimple morphology have been used as potential risk
factors for TCS, particularly among neonates: (a) dimple
size >5 mm and (b) distance from the anal margin to the
edge of the dimple (dimple-anus distance)>25 mm [6].
Among children over 6 months old with advanced ossifi-
cation of the posterior vertebral arches, spinal magnetic
resonance imaging (s-MRI) is preferred over spinal ultra-
sound. Conversely, the posterior walls of the sacrum are thin
enough for ultrasound to penetrate, even in children over
6 months old [1]. This means that TCS extending to the
sacral canal can be observed using spinal ultrasound through
the sacrum and lumbar intervertebral spaces without the pos-
terior arches in these children. A filum terminale thicker
than 1.1 mm on ultrasound indicates the possibility of filum
terminale lipoma [7]. This measurement criterion can thus
be utilized in the sacrum to detect filum terminal lipoma,
even in children over 6 months old.

We aimed to describe: (1) the frequency of TCS cases
requiring surgical intervention, as detected by spinal ultra-
sound, in urological patients with sacral dimples; (2) the
sacral dimple morphology indicative of TCS; and (3) the
filum terminale thickness suggestive of TCS.

Methods
Study design and setting

This study was conducted and reported in accordance with
the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) statement. This retrospective,
single-center, descriptive study investigated the period from
1 April 2019 to 30 June 2024 at Aichi Children’s Health and
Medical Center, a tertiary-care hospital in Japan. This study
was approved by the institutional ethics committee (approval
no. 2024023; date of approval: 1 July 2024). The require-
ment for written consent was waived by the institutional eth-
ics committee based on the retrospective nature of this study.

Inclusion and exclusion criteria
This study included patients <3 years old with dimples iden-

tified immediately prior to caudal epidural block, who were
scheduled to undergo their first urological surgeries during

the study period. In the absence of preoperative s-MRI, s-US
was performed just before the caudal epidural block to evalu-
ate for underlying TCS. Enrolled patients were categorized
into two groups: (1) Group T, in which spinal abnormali-
ties potentially causing TCS were detected on postopera-
tive s-MRI; and (2) Group N, which included cases where
no spinal abnormalities were identified on s-US or where
abnormalities were suspected on s-US but not confirmed
on postoperative MRI. The indications for caudal epidural
block included urethroplasty for hypospadias, orchidopexy
for cryptorchidism, ureterocystoneostomy for vesicoureteral
reflux, renal pelvis reconstruction surgery for hydronephro-
sis, and endoscopic urethrotomy for urethral stricture.

The exclusion criteria were as follows: (1) patients who
had previously undergone spinal surgeries before first uro-
logical surgery; (2) patients who had not undergone post-
operative s-MRI when s-US detected spinal abnormalities.

Systematic spinal ultrasound screening (convenient
conus to coccyx point-of-care ultrasound)

At our institution, s-US serves as the standard procedure
for detecting TCS during the evaluation of patients with
dimples. We performed s-US using the previously reported
method [2]. Even if ossification of the vertebral posterior
arch is present, structures within the spinal canal and sacral
canal can be observed using spinal ultrasound through the
lumbar intervertebral spaces and sacrum as shown in Fig. 1.
We conducted caudal epidural block in cases where no TCS
were detected. All s-US was performed with the patient in a
lateral decubitus position after completing the induction of
general anesthesia. First, utilizing the lowest rib (the 12th
thoracic vertebra: T12) as a reference point, we systemati-
cally acquired continuous horizontal ultrasound images of
the spinal cord extending from T12 to the coccyx using a
sliding ultrasound probe. Second, we assessed the sacral
canal in the sagittal plane. The current method can deter-
mine the following: (1) the lowest point of the conus med-
ullaris (usually situated cranial to L2 in normal anatomy);
(2) the lowest point of the dural sac (typically cranial to S2
in normal anatomy); (3) the width of the filum terminale,
using a value < 1.1 mm for differentiation from filum ter-
minale lipoma; and (4) the presence of cysts and lipomas
in the sacral canal. We utilized HSL25x® ultrasonography
kits (6-13 MHz, linear; FUJIFILM Sonosite, Bothell, WA,
USA). The quality of spinal ultrasonography was ensured by
having trained pediatric anesthesiologists perform the pro-
cedure. A senior anesthesiologist received training in s-US
from pediatric radiologists. Pediatric anesthesiologists who
had undergone more than five on-the-job training sessions
with the senior anesthesiologist performed the spinal ultra-
sound. In addition, the senior anesthesiologist reviewed all
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Fig. 1 Key imaging find-

ings from systematic spinal
ultrasound screenings of a
16-month-old child. a Horizon-
tal image between T12 and L1,
showing the conus medullaris
and cauda equina. b Horizontal
image between L2 and L3, pre-
dominantly displaying the cauda
equina within the dural sac, as
the conus medullaris typically
terminates at the L2 level. ¢
Horizontal image between L5
and S1, where the filum termi-
nale (arrow) can be identified
due to dispersion of the cauda
equina. d Sagittal image on
which the sacral level can be
determined by the position of
the coccyx. e Sagittal image on
which the structure in the sacral
canal can be assessed, and the
end of the dural sac (dotted
line) can be identified. f Sagit-
tal image showing structures
within the dural sac, including
the filum terminale. Co coccyx,
S sacrum

spinal ultrasound images either during the procedure or on
the same day the procedure was performed.

Spinal magnetic resonance imaging

For postoperative s-MRI, a 1.5-T system (Ingenia; Philips
Medical Systems, Best, the Netherlands) was used, with T1-
and T2-weighted images in both short- and long-axis views
employed to diagnose TCS. Consultation with a neurosur-
geon was conducted by pediatric urologists to assess the risk
of future neurogenic bladder development based on patient
characteristics in cases where TCS was suspected from s-US
findings and dimple morphology. The neurosurgeons per-
formed postoperative s-MRI, referencing the s-US images
shared in the electronic medical records. Imaging parameters
for T1-weighted s-MRI were as follows: repetition time,
475 ms; echo time, 11 ms; flip angle, 90°; section thickness,
5 mm; matrix size, 288 X 169; and field of view, 180 mm.
The imaging parameters for T2-weighted s-MRI were: rep-
etition time, 4,439 ms; echo time, 120 ms; flip angle, 90°;
section thickness, 5 mm; matrix size, 288 X 104; and field of
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view, 180 mm. Neurosurgeons reviewed the MRI findings
and diagnosed filum terminale lipoma if the filum terminale
showed signal hyperintensity on axial T1-weighted images.

Data collection

Demographic data recorded from electronic medical records
included age, sex, height, body weight, diagnosed urological
diseases, gestational age, and birth weight. We assessed the
risk of potential TCS by measuring the size of the dimple
and its distance from the anus as part of standard care, and
we recorded this information in the anesthesia records for
communication with neurosurgeons and urologists. Dimple
size and dimple-anus distance were measured after position-
ing the patient in the left lateral decubitus position for caudal
epidural block, using a flexible paper ruler that conforms
to the curvature of the gluteal region. Information regard-
ing dimples was collected from anesthesia records, includ-
ing: (1) short and long diameters of the dimple; and (2)
dimple-anus distance. The dimple was predominantly elon-
gated along the cephalocaudal axis, with the longitudinal
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extent along this axis constituting the long diameter, and the
transverse extent (from left to right) constituting the short
diameter.

Collection and analysis of data derived from spinal
ultrasound screening and spinal magnetic
resonance imaging

In this study, we recorded key anatomical landmarks, includ-
ing the lowest points of the conus medullaris and dural sac,
as well as measurement of the filum terminale obtained from
both s-US and s-MRI. In addition, we recorded the specific
spinal diseases diagnosed from s-US and s-MRI. A filum
terminale thickness > 1.1 mm was considered as filum ter-
minale thickening [7]. The minimum filum terminale thick-
ness was defined as 0.1 mm, corresponding to the limit of
detection for the ultrasound device employed. We tried to
describe the optimal cutoff value for filum terminale thick-
ness measured by s-US in detecting filum terminale lipoma,
as conclusively diagnosed by s-MRI.

Adverse events related to caudal epidural block

Ropivacaine was administered for caudal epidural block at a
maximum dose of 3 mg/kg, diluted to concentrations rang-
ing from 0.25 to 0.1875%. Adverse events of caudal epidural
block such as local anesthetic toxicity, cerebrospinal fluid
aspiration, lower limb motor impairment, and sensory distur-
bances, were extracted from medical and anesthesia charts.

Proportion of cases in which spinal surgery
was performed

We described the proportion of cases in which spinal sur-
gery for TCS was performed based on the results of s-US
and s-MRI.

Sacral dimple morphology

We described the number of cases in Groups T and N with:
(a) long diameter of the dimple >5 mm; and (b) dimple—anus
distance >25 mm [6].

Filum terminale thickness

We described the number of cases in Groups T and N with
filum terminale thickness > 1.1 mm [7]. In addition, we tried
to determine the optimal cutoff value for filum terminale
thickness as measured by s-US for detecting filum terminale
lipoma.

Statistical analysis

The patient demographics and clinical characteristics were
compared between Groups T and N. The outcome measures
are presented as median with interquartile range (IQR) or
as count and percentage. The Mann—Whitney U-test was
utilized to assess continuous variables with skewed distri-
butions, while the X2 test or Fisher’s exact test was used
for comparing categorical variables to assess differences in
patient characteristics between groups. The following cutoff
values were assessed using the y? test: (a) long diameter of
the dimple > 5 mm; and (b) dimple-anus distance >25 mm.
We used the receiver operating characteristic (ROC) curve
to determine the optimal cutoff value for filum terminale
thickness measured by s-US in detecting filum terminale
lipoma, as conclusively diagnosed by s-MRI. Youden’s
index is used to identify the value that offers maximal sen-
sitivity and specificity on the ROC curve [8]. We calculated
Youden’s index to determine the optimal cut-off for detect-
ing spinal abnormalities from s-US. Patients with missing
values were excluded. Data were analyzed utilizing STATA
17.0 (StataCorp, College Station, TX, USA), with a two-
sided p value < 0.05 indicating statistical significance.

Results

Proportion of cases in which spinal surgery
was performed

A total of 140 cases of dimples were identified during the
period from April 2019 to June 2024 as shown in Fig. 2.
Using s-US, 28 cases were diagnosed with filum terminale
thickening, two cases with spinal cysts, one case with a
low-lying dural sac continuous with sacrococcygeal dermal
sinus. Figure 3 shows the ultrasound images of spinal abnor-
malities identified on s-US. Among the 28 cases with filum
thickening identified on s-US, 18 cases underwent postop-
erative s-MRI. The 10 cases with filum terminale thickening
identified by s-US but without postoperative s-MRI were
excluded, resulting in the analysis of 130 cases. Among the
excluded patients were those for whom the attending urolo-
gist considered neurosurgical consultation unnecessary due
to the absence of confirmed neurogenic bladder. Among 18
cases for which postoperative s-MRI was performed due to
filum terminale thickening by s-US, 14 cases were diag-
nosed with filum terminale lipoma, and 6 cases (4.6% of
130 cases with dimples) were scheduled for tethered cord
release surgery. Among the six cases that underwent spi-
nal cord untethering surgery, five showed a low-lying conus
medullaris at L3, and the remaining had a low-lying dural
sac. Two cases of spinal cysts and one case of a low-lying
dural sac continuous with a sacrococcygeal dermal sinus,
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Study period: April 2019 to June 2024

(n=140)

Cases with dimple

!

| 1

- Excluded -----------------mmmmoeoe- .

(n=28)
Filum thickening on ultrasound

Filum thickening

T Other spinal abnormalities Normal

(n=3) (n=109)

without postoperative MRI

|

(n=10)

(n=18)

Postoperative MRI performed

Postoperative MRI performed
(n=3)

!

l

Filum terminale lipoma

on postoperative MRI

T Other spinal abnormalities

on postoperative MRI

(n=14) (n=3)
l !
Spinal surgery Observation alone
(n=6) (n=3)

Fig.2 Flow of enrolled patients and diagnosis on spinal ultrasound and spinal MRI. {Other spinal abnormalities include two cases with spinal
cysts and one case with a low-lying dural sac continuous with sacral dermal sinus

Fig.3 Spinal abnormalities identified on spinal ultrasound. a Spinal
ultrasound of a 22-month-old child with filum terminale lipoma. The
filum terminale is 2.0 mm thick and surrounded by hyperechoic fatty

initially detected by s-US, were confirmed postoperatively
using s-MRI. Patient characteristics for the 130 cases are
presented in Table 1. The 17 patients in Group T and 113
patients in Group N showed no significant differences in
background characteristics.

One case in Group N showed a low-lying conus medulla-
ris at L3, but that patient was diagnosed as a normal variant
due to the absence of filum terminale thickening. Patients
with filum terminale thickness > 1.1 mm were significantly
more frequent in Group T than in Group N, as shown in
Table 2.

@ Springer

tissue. b Spinal ultrasound of a 12-month-old child showing Tarlov
cysts (¥). ¢ Spinal ultrasound showing a low-lying dural sac at the S4
level, continuous with a dermal sinus (arrows)

Association between dimple morphology
and tethered cord syndrome

The Xz test revealed a significant difference in the propor-
tion of patients with a long diameter of the dimple >5 mm
between Groups T and N, whereas no significant differ-
ence in the proportion of patients with a dimple—anus dis-
tance > 25 mm was found (Table 2). Nine cases in which
spinal abnormalities were detected showed a dimple-anal
distance <25 mm.



Journal of Anesthesia (2025) 39:400-407

405

Table 1 Patient characteristics (N=130)

Group T' Group N* p value
(n=17) (n=113)
Patient characteristics
Age, months 14 (11-22) 17 (12-23) 0.51
Sex, male 16 (94.1) 108 (95.6) 0.79
Body weight, kg 9.4 (8.0-10.1) 9.8(8.6-11.2) 0.28
Gestational age group
Pre-term 5(294) 33(29.2) 0.94
Term 10 (58.2) 63 (55.8)
Post-term 2(11.8) 17 (15.0)
Primary diagnosis
Hypospadias
Proximal type 7(41.2) 38 (33.6) 0.46
Distal type 4(23.5) 34 (30.9)
Vesicoureteral reflux 1 (5.9) 3.7
Cryptorchidism 4.(23.5) 29 (25.7)
Hydronephrosis 0(0.0) 8(7.1)
Urethral stricture 1(5.9) 1(0.9)

Data are presented as median (IQR) or number (percentage)

TGroup T, spinal abnormalities suspected as representing tethered
cord syndrome on postoperative MRI

¥Group N, normal without spinal abnormalities

IQR interquartile range, MRI magnetic resonance imaging

Table 2 Sacrococcygeal abnormality and width of filum terminale
(N=130)

Group T"  Group N*  p value
(n=17) (n=113)
Low-lying conus medullaris 5(29.4) 1(0.9) <0.001
Width of filum terminale®
>1.1 mm 14 (82.4) 10 (8.9) <0.001
<1.1 mm 3(17.7) 103 (91.2)
Long diameter of the dimple
>5 mm 17 (100.0) 91 (80.5) 0.046
<5 mm 0(0.0) 22 (19.5)
Dimple-anal distance
>25 mm 8 (47.1) 66 (58.4) 0.38
<25 mm 9 (52.9) 47 (41.6)
Short diameter of dimple, mm 4 (3-5) 3(34) 0.20

Data are presented as median (IQR) or number (percentage)

TGroup T, spinal abnormalities suspected as representing tethered
cord syndrome on postoperative MRI

jr'Group N, normal without spinal abnormalities

$Width of filum terminale: Group T included 3 cases without filum
terminale thickening (2 cases with spinal cysts, 1 case with a low-
lying dural sac)

IQR interquartile range

Optimal cutoff for filum terminale thickness in s-MRI

The ROC curve demonstrated the relationship between filum
terminale lipoma detected on s-MRI and filum terminale
thickness as measured by s-US as shown in Fig. 4. A cutoff
thickness of 1.3 mm resulted in the maximum Youden index
of 0.73, with 93% sensitivity and 80% specificity for detect-
ing filum terminale lipoma. The area under the curve (AUC)
was 0.92 (95% confidence interval, 0.81-1.00).

Adverse events related to caudal epidural block

None of the enrolled cases experienced any of the follow-
ing adverse events: local anesthetic toxicity, cerebrospinal
fluid aspiration, lower limb motor impairment, or sensory
disturbance.

Discussion

Urological patients in whom a sacral dimple is identified
prior to performing caudal epidural block have the potential
for underlying TCS and may require surgical intervention.
To avoid missed diagnostic opportunities, s-US is recom-
mended in such cases. This is an effective modality for diag-
nosing TCS, even in children over 6 months old. A sacral
dimple with a long-axis diameter > 5 mm may be indicative
of spinal abnormalities associated with TCS.

In this study, s-US was able to detect spinal abnormalities
even in children > 6 months old with advanced ossification
of the vertebral posterior arches. The posterior walls of the
sacrum were still thin enough for ultrasound to penetrate into
the sacral canal, even in those patients. Spinal ultrasound
thus appears primarily applicable to infants < 4-6 months

1.00
N
b
p
>

Sensitivity: 0.93
Specificity: 0.80

0.75
|

Sensitivity
0.50
|

'e}
N 4
IS
—e— ROC
Reference
8 i ° Cutoff
o T T T T T
0.00 0.25 0.50 0.75 1.00

1 - specificity
Area under ROC curve = 0.9179

Fig.4 ROC curve demonstrating the relationship between filum ter-
minale lipoma detected on MRI and filum terminale thickness as
measured by spinal ultrasound. ROC receiver operating curve
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old without the ossification of the posterior arch. MRI then
becomes the preferred modality for children > 6 months old,
in whom ossification limits complete evaluation of the spine
via ultrasound. Certainly, s-US may miss localized spinal
abnormalities under the ossified posterior arches. However,
s-US could catch TCS, which extends from the conus medul-
laris to the sacrococcygeal region, by observing the tethered
cord from the intervertebral space and sacrum. In this study,
the frequency of TCS requiring surgical intervention was
4.6% in urological cases with dimples. This value is higher
than previously reported (0.7-1.4%) from studies examin-
ing all newborns with cutaneous abnormalities, including
dimples [3, 9, 10]. When examining children in outpatient
settings who may cry and have difficulty remaining still, per-
forming detailed assessments of the sacrococcygeal region
and locating dimples can be challenging. In addition, per-
forming s-US on restless children requires a high level of
expertise. On the other hand, detailed examination of the
sacrococcygeal region and performance of s-US in a short
amount of time are obviously easier under general anesthe-
sia. Missing the diagnosis of TCS in postoperative patients
with hypospadias can lead to the worst-case scenario of
neurogenic bladder, requiring intermittent catheterization.
Performing s-US for dimples found just before caudal epi-
dural block may help avoid overlooking TCS and lead to the
necessary consultations with neurosurgeons.

The classical dimple morphologies suggested to be asso-
ciated with a high risk of spinal abnormalities are dimple
length >5 mm and dimple-anal distance >25 mm [6]. In
this study, long diameter of a dimple contributed to pre-
dicting TCS. Furthermore, this study showed the optimal
cutoff value of a filum terminale width as measured by
s-US was 1.3 mm to distinguish filum terminal lipoma in
patients <3 years old. The classical cutoff of 2 mm for filum
terminale thickening on spinal ultrasound in neonates has
been criticized for insufficient sensitivity, with some sug-
gesting a cutoff of 1.1 mm [7]. The cutoff value of 1.1 mm
is applicable even to infants over 6 months, although the
filum terminale thickens due to the gradual accumulation
of fat [11]. However, patients in this study had a median
age of 16 months and the appropriate cutoff for filum termi-
nale thickness was 1.3 mm. Further investigation is needed
regarding the cutoff values suitable for different target
populations.

Previous studies have reported that caudal epidural block
for hypospadias resulted in an increased frequency of post-
operative complications compared to dorsal penile block
[12]. However, the application of caudal epidural block for
hypospadias remains controversial due to unadjusted con-
founding factors and differences in patient severity and sur-
gical procedures between subgroups in those studies [13].
A randomized controlled trial showed no significant differ-
ence in postoperative complications between caudal epidural
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block and dorsal penile nerve blocks [14]. Caudal epidural
block is, therefore, expected to continue to see wide use in
urological surgeries, and enhancing the safety of this pro-
cedure will be essential. Such enhancement would include
the detection of TCS contradicting the use of this technique.

This retrospective, single-center, descriptive study
showed several important limitations. First, the results can-
not be generalized because data were collected from a sin-
gle institution. Second, this study exhibited selection bias
because postoperative s-MRI was not performed in some
cases where s-US suggested thickening of the filum termi-
nale. As a result, the frequency of potential TCS may have
been higher than suggested in the results. Third, reporting
bias may have been present in the measurement of dimple
morphology and thickness of the filum terminale due to the
self-reported nature of data collection by attending anes-
thesiologists. However, the assessment of the risk of TCS
was conducted within limited clinical timeframes and the
measured values are representative of real clinical prac-
tice. Fourth, due to the limited sample size of this study,
we did not assess the calibration of our prediction tool. The
area under the ROC curve was used solely to illustrate the
relationship between filum terminale lipoma detected on
s-MRI and filum terminale thickness. Calibration represents
an important consideration for assessing the reliability of
predictions, so this limitation should be addressed in future
research. In this study, the number of cases in which spinal
MRI was performed was very limited. To demonstrate the
utility of spinal ultrasound, a prospective study needs to be
conducted in which both spinal ultrasound and spinal MRI
are performed in all cases showing a sacral dimple, to com-
pare findings between modalities.

In conclusion, for children with sacral dimples, s-US
under general anesthesia prior to caudal block may help to
identify TCS. This approach may enhance the diagnostic
accuracy and clinical management of sacral dimples. How-
ever, further prospective studies are needed to validate the
efficacy of the present findings. To ensure generalizability,
large-scale, comprehensive studies stratified by age, sex, and
ethnicity will be required.
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