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Implications for the Clinical Practice Regional Anesthesia  
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Abstract

Background: Neuraxial blockade involving the lumbar and caudal 
space spine is commonly employed in pediatric anesthesia. Although 
the incidence of complications is low, the consequences including 
total spinal block, spinal cord or nerve injury, and post-dural punc-
ture headache may be significant. Information regarding the vertebral 
level at which the spinal cord terminates and the distance from the 
skin to the end of the dural sac (DS) may guide clinical practices. The 
present study measures various distances of the lumbar and caudal 
epidural space in children using magnetic resonance imaging (MRI).

Methods: This retrospective study analyzed sagittal MR images of 
the lumbar spine of children ranging in age from birth to 8 years. 
Measurements included the level of termination of the spinal cord and 
DS; the distance from the end of the spinal cord to the end of the DS, 
the sacrococcygeal membrane (SCM), and the skin; and the distance 
from the end of the DS to the SCM and the skin. Descriptive statis-
tics included mean, median, range, standard deviation, interquartile 
range, and confidence intervals.

Results: The study cohort included 91 patients, ranging in age from birth 
to 8 years. There was no significant difference in the variables between 
males and females. Using patient age, height, weight and body surface 
area (BSA) as variables, there was a statistically significant relationship 
of age with all measured parameters. There was significant interpatient 
variability despite grouping the data in small groups with regards to age, 
height, and weight. The variance inflation factor (VIF) between age and 
BSA was 3.51, not indicative of any collinearity issues.

Conclusion: The wide variability in measurements among studied 
groups, despite dividing them into smaller groups with regards to age, 
weight or height, would make it difficult to develop unifying formulas 
based on physical and age characteristics. The spinal cord ended at L1 in 

children more than 12 months of age, which contradicts earlier studies 
suggesting its lower position at L2-3. The terminal end of the spinal cord 
was found at L2 in the majority of the patients less than 12 months of age.

Keywords: Dural sac; Spinal cord; Sacrococcygeal membrane; Cau-
dal epidural anesthesia

Introduction

Understanding caudal and lumbar vertebral anatomy is crucial 
for successful and safe neuraxial blockade in children [1, 2]. 
Caudal and lumbar neuraxial blockades (spinal and epidural 
anesthesia) are two of the most commonly performed regional 
anesthetic techniques in infants and children. Two European 
multi-center studies showed that these blocks accounted for 
27-49% of all regional anesthesia techniques [3, 4]. Similar 
data are available from a North American database with these 
blocks accounting for 44% of perioperative regional anesthe-
sia techniques [5, 6]. Although the incidence of complications 
with neuraxial blockade is low, the consequences may be sig-
nificant including total spinal anesthesia, spinal cord or nerve 
injury, and post-dural puncture headache [7-10]. The incidence 
of unintended dural puncture at the lumbar level is approxi-
mately 86 in 10,000 and 10 in 10,000 at the caudal level [6].

Information regarding the anatomy of the caudal and lum-
bar vertebral space may be useful in guiding safe practices dur-
ing regional anesthesia in infants and children. Prior studies 
have investigated the relevant anatomy of the thoracic, lum-
bar, and sacral regions using imaging techniques (magnetic 
resonance imaging (MRI) or ultrasound) and cadaveric speci-
mens with the development of formulas for calculating vari-
ous distances such as the sacrococcygeal membrane (SCM) to 
the dural sac (DS) [11-13]. The present study re-evaluates the 
anatomical depths and related equations by measuring the dis-
tance from the skin and the SCM to the DS as well as the posi-
tion of the end of the spinal cord and DS in relationship to the 
vertebral levels using MR images in the pediatric population.

Materials and Methods

This study was approved by the Institutional Review Board of 
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Sidra Medicine (Doha, Qatar). It was conducted in accordance 
with the guidelines outlined in the Declaration of Helsinki. 
This retrospective observational study included MR images 
from January 2018 to January 2020. From the various images 
available, a single sagittal image was chosen for all measure-
ments. The study analyzed sagittal T2-weighted MR images of 
the lumbar and caudal spine of pediatric patients in the supine 
position from birth to 8 years of age. Patients with a history 
of vertebral anomalies including scoliosis, tethered cord, spina 
bifida, myelomeningocele, tumors of the spinal cord or verte-
bral bodies, neurologic deficits, and metastatic spinal disease 
or poor image quality were excluded from the study. MRI was 
generally obtained as part of the initial workup for patients 
with lymphoma or leukemia and following placement of a 
spica cast for a congenital dislocated hip.

An internal measurement device was used for the meas-
urements. The measurements included: 1) the vertebral level at 
which the spinal cord and the DS ended; 2) the distance from 
the end of the spinal cord to the end of the DS, the SCM, and 
the skin; and 3) the distance from the end of the DS to the SCM 
and the skin (Figs. 1-3). For spinal cord and DS localization, 
the specific vertebral level was chosen if the spinal cord or DS 
terminated at any point along those vertebrae down to the lower 
margin of the intervertebral ligament. The same technique was 
used for all other spinal cord measurements, knowing that the 
interspinous ligament corresponds to intervertebral ligaments 
at the lumbar levels. The skin-to-DS depth was measured us-
ing the shortest distance in attempt to most closely replicate 
the trajectory of a needle used for caudal epidural blockade. 
The measurements were taken by two of the authors independ-
ent of each other and were verified by a co-author. The authors 
reviewed any discrepancy between the measurements. The in-
vestigators were blinded to the age of the patients.

Statistical analysis

Descriptive statistics including mean and standard devia-

tion (SD) were computed for all demographic and physical 
measurement variables. The values were also stratified and 
compared between males and females using an independent 
t-test. Measurements stratified by age, mean, median, range, 

Figure 1. Magnetic resonance imaging showing termination of the spi-
nal cord at L1 and the dural sac at S2 in a 1-year-old patient from the 
study cohort.

Figure 2. Technique for measurement of the distance from skin to the termination of the dural sac (yellow line).



Articles © The authors   |   Journal compilation © Int J Clin Pediatr and Elmer Press Inc™   |   www.theijcp.org4

Caudal Epidural Anesthesia Int J Clin Pediatr. 2022;11(1):2-8

SD, interquartile range (IQR), and confidence intervals (CIs) 
were calculated. Univariate and multivariate linear regres-
sion models were applied with the measurements being the 
dependent variables and age and body surface area (BSA) as 
the independent variables. Unadjusted and adjusted slopes, 
standard errors (SEs), P-values and the coefficients of de-
terminations (R2) were reported. BSA was computed for the 
participants using Mosteller formula. Variance inflation fac-
tors (VIFs) were computed to assess the possible collinear-
ity between age and BSA in those models. Derived measure-
ments to calculate the distance from the SCM to the DS using 
Lee formula (distance in mm = 25 × BSA) and Adewale for-
mula (distance in mm = 13 + 15 × BSA) were compared with 
the actual measurements of our study using the paired t-test. 
Relative % differences were also computed. A P value of 0.05 
or less was considered statistically significant. All the analy-

ses were performed using SAS 9.4 (Cary, NC, USA).

Results

The study cohort included 91 pediatric patients, 47 males and 
44 females. Demographic and physical data including age, 
height, weight, and BSA are summarized in Table 1. There 
were no significant differences in the demographics and physi-
cal variables (age, height, weight, and BSA) between males 
and females. There were no significant differences in the five 
measurements (distances measured) between males and fe-
males (Table 1). The measurements stratified by age are sum-
marized in Table 2. The mean of all the measurements studied 
(DS to SCM, DS to skin) showed a progressive increase with 
age. There was significant interpatient variability resulting in 
wide ranges, IQRs, and CIs in each age-specific group.

Linear regression models presented in Table 3 showed 
that even after adjusting for the BSA of the participants, age 
was positively associated with all five measurements. For ex-
ample, even after adjusting for the BSA of the participants, for 
every 1 month increase in age, the measurement between the 
spinal cord and DS increased by 0.57 mm, that between the 
spinal cord to skin increased by 0.68 mm and that between the 
DS to skin increased by 0.12 mm. BSA was also independent-
ly and significantly positive with all measurements except for 
the one from the DS to sacral hiatus (P = 0.170). The coeffi-
cient of determination for the five multivariate models ranged 
between 0.48 and 0.84. The VIF between age and BSA was 
3.51, not indicative of any collinearly issues in these models 
(Table 3).

There was a significant difference in the DS to sacral hia-
tus distance measured in this study and the one obtained using 
Lee’s formula (23.9 vs. 16.4 mm, P < 0.001). On the other 
hand, the difference with the distance obtained using Adewale 
formula did not reach statistical significance (23.9 vs. 22.9 
mm, P = 0.061). Mean percent changes between the measured 
distance and the ones obtained by Lee ranged between -21.2% 
and 358.0% with a mean of 154.3±62.9%, whereas the ones 
obtained using Adewale formula ranged between -67.1% and 
54.8% with an average of -3.23±22.9%.

In the cohort of 91 patients studied, the spinal cord end-

Figure 3. Magnetic resonance imaging showing the end of the spinal 
cord (1), the termination of the dural sac (2), and the sacrococcygeal 
ligament (3). These structures were used for the measurements made 
in the current study.

Table 1.  Patient Demographic and Physical Data

Variables All (n = 91) Male (n = 47) Female (n = 44) P-value
Age (months) 45.5 (29.3) 47.0 (28.8) 44.0 (30.1) 0.633
Height (cm) 95.2 (25.6) 96.8 (24.4) 93.5 (26.9) 0.543
Weight (kg) 16.7 (8.1) 17.0 (7.0) 16.3 (9.2) 0.684
BSA (m2) 0.66 (0.24) 0.67(0.21) 0.64 (0.26) 0.629
Spinal cord to dural sac (mm) 90.2 (23.7) 92.5 (21.8) 87.7 (25.6) 0.335
Spinal cord to sacral hiatus (mm) 109.0 (28.1) 111.1 (25.4) 106.7 (30.8) 0.45
Spinal cord to skin (mm) 112.3 (28.0) 113.7 (3.7) 110.8 (30.8) 0.624
Dural sac to sacral hiatus (mm) 23.9 (7.2) 23.9 (6.3) 23.8 (8.2) 0.935
Dural sac to skin (mm) 33.3 (9.9) 31.6 (7.9) 35.1 (11.4) 0.092

Distance is listed in millimeters (mm). The data are presented as the mean (standard deviation). BSA: body surface area.
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ed most commonly at the L1 vertebral level. The spinal cord 
ended at L1 in 63 patients (69.2%), L2 in 23 patients (25.2%), 
L3 in two patients (2.3%) and T12 in three patients (3.3%). In 
patients less than 12 months, the spinal cord ended at or be-
low the L2 vertebral level more commonly than in the overall 
cohort (73.3% versus 27.5%). The DS tapered at the level of 
S2 vertebrae in the majority of the patients (68 of 91 patients 
or 74.7%). In 22 (24.1%) patients, the DS tapered at the S1 
vertebral level and at the L5 level in one patient. In patients 
less than 24 months of age, the DS terminated at S2 in a higher 
percentage of the patients (28 of 32 or 87.5%) compared to 
children who were more than 24 months of age (39 of 59 pa-
tients, 66.1%).

Discussion

Using MRI, the current study attempts to define anatomical di-
mensions and depths of the caudal and lumbar area to facilitate 
the safe and effective performance of regional anesthetic tech-
niques of the caudal and lumbar areas in infants and children. 
The measurements were made along planes intended to simu-
late needle trajectory. Although five different measurements 
were determined, we would postulate that for a clinician per-
forming a caudal epidural block, the most important measure-
ment would be the distance from the skin to the end of the DS 
as this may prevent inadvertent dural puncture. Even though 
we observed a progressive increase in all measurements with 
an increase in age, the data revealed significant interpatient 
variability in regard to the distances when grouping patients 
according to age. Even when dividing the study population 
into smaller groups (10 groups based on gradations of age), 
similar findings were noted with significant ranges and wide 
CIs. These results suggest that development of a specific for-
mula to guide maximum depth of needle insertion is likely not 
feasible and that individualized care is necessary with atten-
tion to limit needle insertion to the minimum distance neces-
sary after puncture of the SCM. Despite these findings, it is 
reassuring to note that dural puncture is extremely uncommon 
during placement of a caudal epidural blockade.

As the distances included in the current study are small, 
interpatient variability and any error in the calculation of depth 
could increase the risk of accidental dural puncture during the 
placement of a caudal epidural block. Earlier studies based on 
MRI measurements from the upper edge of the SCM to the 
DS have proposed formulas, based on regression analysis of 
the data, for the calculation of the distance required for needle 
insertion [11, 13]. Lee et al devised a simple formula to esti-
mate the distance in millimeters from the SCM to the DS: 25 
× BSA, whereas Adewale et al proposed that the best predic-
tor of distance between the upper margin of the SCM and DS 
in millimeters was 13 + (15 × BSA) based on multiple linear 
regression (stepwise technique) [11, 13].

The interpatient variability noted in our measurements 
would question the generalized applicability of these for-
mulas. This is especially true since our regression analysis 
showed an independent effect of age on such measurement, 
something that neither Lee nor Adewale use in their computa-

tion. Part of the discrepancy from the study of Lee et al may 
be explained by the fact that the patients in his study had a 
skin dimple, although none of the patients was found to have 
any abnormality of the spine or the spinal cord [13]. Fourteen 
of the 41 patients studied by Adewale et al had spinal or skel-
etal pathologies [11]. In both studies, the depth from the skin 
to the SCM was not measured nor was the skin to DS distance, 
the latter of which we believe may be the most clinically rel-
evant distance.

The secondary aim of our study was to determine the ver-
tebral level at which the spinal cord and the DS ended in the 
different age groups. When considering the entire cohort, the 
spinal cord ended at L1 in most of the patients, although this 
varied with age. Among patients less than 12 months of age, 
the spinal cord ended at L2 in 73.3% of patients compared to 
the remainder of the cohort, who were more than 12 months of 
age (15.7%). A cadaveric study of Barson et al reported that by 
the age of 8 weeks, the spinal cord attains the adult level of L1-2 
[14]. Similarly, James et al reported that the conus reached the 
L2 level by the age of 5 months [15]. Wilson and Prince, based 
on MR images, concluded that conus ends at L2-3 or above 
[16]. However, the study cohort included patients with teth-
ered cord or spinal tumors. Van Schoor et al showed a differ-
ence in the level of the conus medullaris between infants (L2-3) 
and older children (L1) [17]. More importantly, as it related to 
performance of caudal epidural anesthesia, in our study cohort, 
the DS tapered at the level of the S2 vertebrae in the majority 
of the patients. In the remaining patients, the DS tapered at the 
S1 vertebral level or rarely at L5. A higher level of termina-
tion (above S2) was more common in patients greater than 24 
months of age.

Specific limitations of this study must be recognized. 
All imaging was performed in the supine position, which 
may compress the skin and subcutaneous tissues, thereby af-
fecting the measurements when considering the skin-to-DS 
measurements. The majority of neuraxial blocks in children 
are performed in the lateral or modified Sims position, which 
may affect the actual distances. Using MRI in 30 adult vol-
unteers, Ranger et al observed the anterior movement of the 
spinal cord with a change in posture (from the supine to the 
left lateral position with knees and hips flexed). However, the 
cranio-caudal movement was statistically insignificant [18]. 
The study concluded that the absence of significant cranial 
displacement of the conus medullaris along the cranio-caudal 
axis still makes the spinal cord vulnerable to injury during 
lumbar neuraxial blockade at the upper lumbar levels. Koo et 
al showed that DS moved cephalad in the lateral flexed posi-
tion used for neuraxial blockade, increasing the safety margin 
to avoid dural puncture caudal epidural blockade in younger 
children [19].

Due to the large interpatient variability in measurements, 
we suggest that it is not feasible to develop a single formula to 
estimate the depth of the DS from the skin. Given this variabil-
ity, individual care is required for each patient. Miscalculation 
of the depth may increase the risk of accidental dural puncture 
during performance of a caudal epidural block. We would rec-
ommend that the needle be advanced only 1 - 2 mm once the 
SCM has been punctured. Despite the interpatient variability 
noted, the literature is reassuring in that the incidence of dural 
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puncture during placement of a caudal epidural block is low. In 
the entire cohort of patients, the spinal cord ended at L1 most 
commonly although when considering various age ranges, the 
spinal cord ended most commonly at L2 in patients less than 
12 months of age. The DS tapered at the level of S2 vertebrae 
in the majority of the patients.
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