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Abstract

Objective: The main goal of this manuscript is to propose 
new equations to estimate skin to epidural space distance 
based on parturient data. This information is very useful 
on epidural anesthesia procedure, which is considered the 
most challenging procedure to acquire practical skills. The 
incidence of failure in epidural block is around 23% to 30%. 
The estimation of skin to epidural space distance (SED) pres-
ents a crucial role in such a procedure.

Methods: Three works calculating this distance with dif-
ferent populations of parturients were used here to propose 
a general model. Data from six population groups were ana-
lyzed. In a first approach, the t-test is used to identify the 
populations that have no statistically differences. Then, the 
related population samples are combined based on patient 
data and population groups. An equation is proposed am-
plifying the input data in a second approach. On this, data 
from all the population groups of parturients are looked out 
as one big group.

Results: The proposed equation relates skin surface to 
epidural space distance with the Body Mass Index (BMI). 
Illustrations and computational experiments demonstrate 
propositions quality.

Conclusion: More universal equations for estimate dis-
tance from skin to epidural space in parturients are pro-
posed and can be valuable for junior anesthesiologists in 
training.
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Introduction

Epidural anesthesia is considered one of the blocks that de-
mand a considerable effort to acquire competence [1]. The num-
ber of executions required to physicians master this technique 
is 77 +/- 9 procedures [2]. The incidence of failures according 
to a standard definition is around 23% to 30% [3,4]. Failure of 
the epidural block is considered when there are at least one or a 
combinational of the following: lack of adequate pain relief by 
45 min from the start of epidural placement, puncture of dura 
matter, re-siting initial position, abortion of this anesthesia or 
patient dissatisfaction with analgesia at the follow-up visit [3].

The success of the epidural technique lies in the correct iden-
tification of epidural space. The Ultrasound (US) is an efficient 
tool to determine the position of the epidural space [5]. The use 
of such equipment is not a reality in the majority of cases of epi-
dural punctures, mainly because of cost and availability, which 
limit its use in many medical centers. Tissues thickness estima-
tion has an important role associated with the epidural proce-
dure being related to the anesthetist ability. Additionally, this is a 
step necessary for the construction of a computational simulator 
to train anesthesiologists on the practice of the epidural block. 
The estimation of epidural depth, the distance from the skin sur-
face to the epidural space (SED), showed in Figure 1, could be 
used to allow variability of cases for beginners on learning this 
technique. Identifying the epidural space is a tactile dependent 
procedure. Physicians need the information to correctly locate 
the area to apply the anesthetic. This anesthesia is a blind op-
eration used in many real occasions of childbirth.

In epidural anesthesia, the patient can be either sitting or ly-
ing in the lateral position. The puncture strategy used can be 
midline or paramedian approach. These two ways of puncture 
are illustrated in Figure 2. Variations in position and puncture 
strategy can alter the distance from the skin surface to epidural 
space [6].

Figure 1: Criteria of exclusion

Figure 2: Midline and paramedian approaches of needle place-
ment [8].

Related works

In this work body mass index (BMI) is defined to the stan-
dard equation of mass in kilograms divided by the square of the 
height in meters (kg/m2). The age (A) refers to years, mass (M) to 
kilograms (kg), height (H) to meters (m) and the skin to epidural 
space distance (SED) to centimeters (cm).

Using 2009 parturient data from Michigan-USA, it was shown 
that the SED varies positively with BMI and negatively with age 
resulting in equation (1) where Y represents the estimated SED 
[6].

Y = 3 + 0.11 BMI – 0.01 A	 (1)

For equation (1) and all others here presented, the constants 
are not dimensionless. The unit of each constant makes all com-
ponents of the equation result in centimeter, the same dimen-
sion of the SED.

The authors also conclude that the age influence on the SED 
is minimal (0.2 cm variation holding BMI with age increasing age 
from 20 to 42). Equation (1) could be simplified removing the 
age factor. Regarding the procedures, authors assumed that al-
most all the times the parturient were in the sitting position. The 
approach of needle insertion was not mentioned [6].

A UK study considers a population of 1210 parturient (1140 

in UK sites and 70 Chinese data from Singapore) showing that 
both ethnicity and BMI influenced the SED [9]. These groups 
were defined and analyzed separately as: White (British, Irish 
and any other white background); Asian or Asian British (Indian, 
Pakistani, Bangladeshi or any other Asian background); Black or 
Black British (African, Caribbean or other black groups); and Chi-
nese or Other ethnic group (Chinese, Japanese, Malaysian, Fili-
pino etc). Instead of an equation for each one of the four groups, 
the authors present a plot and a table with sampled data for 
each group. The variation of SED of each group for different BMI 
is reproduced in table 1. This table also includes the mean and 
standard deviation (STD) of each group. All procedures consid-
ered were done with the patients in the sitting position using the 
midline approach of needle placement [9].

Data from 300 Indian patients were used to construct three 
equations, one for each group defined as: Parturients; Males; 
and Non-pregnant females. All of these groups used the same 
population size (n=100). The equation for the parturient group 
associates variations of SED with mass, height and BMI, as re-
produced in (2). All data were obtained regarding midline inser-
tion of the needle and with patient in lateral recumbent position 
[10].

Y = 4.75 + 0.21 BMI + 4.70 H– 0.05 M	 (2)
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More recent works proposed the determination of SED us-
ing only BMI as input with population sizes of n=120 and n=317 
respectively [11,12]. In both cases the patients analyzed include 
men and women.

Table 1: Criteria of exclusion

BMI 
(kg/m2)

Estimated SED (cm)

White Asian/Brit-
ish Asian

Black/Brit-
ish Black Chinese

20 4.7 4.5 5.0 4.4

25 5.3 5.1 5.7 4.7

30 6.0 5.7 6.5 5.1

35 6.6 6.2 7.2 5.4

40 7.2 6.8 8.0 5.7

Mean (STD) 5.5 (1.1) 5.0 (1.0) 6.0 (1.1) 4.8 (0.9)

This table illustrates how the skin to epidural space distance 
(SED) varies with the body mass index (BMI) for the four parturi-
ent groups described by Sharma et al [9]. Values of mean and 
standard deviation (STD) are also showed for comparisons.

Methods

The present study proposes more universal equations to de-
termine SED of parturient, taking into account data from the pre-
vious local studies. The SED is an essential information to allow 
the creation of virtual patients on a simulator of epidural anes-
thesia for training purposes. The approaches of data fusion used 
for construction of the more general equations are presented in 
this section. As input we use three approaches commented on 
previous section [6,9,10] to determine the SED on parturients.

Generation of equations from dataA.	

For each one of the four groups of table I, the least-squares 
method was used to find the line that most closely approximates 
the five pairs of points x=BMI and y=Estimated SED. The result 
equations for each group that minimizes the sum of squared 
distances from every point is described in equations (3) for the 
White group, (4) for the Asian/British Asian, (5) for the Black/Brit-
ish Black and (6) for the Chinese group.

Y = 2.18 + 0.13 BMI	 (3)

Y = 2.24 + 0.11 BMI	 (4)

Y = 1.98 + 0.15 BMI	 (5)

Y = 3.08 + 0.07 BMI	 (6)

Estimating population datB.	

As the raw data from each population of the three analyzed 
works are not publicly available, two hundred data were ran-
domly generated to simulate the patients. The minimum and 
maximum assumed values for each parameter were mass in ki-
lograms (50- 70), height in meters (1.4 to 1.9), and age in years 
(18-40). Mass and height values were estimated to allow individ-
uals with underweight, average weight, overweight and obesity 
based on Pregnancy Weight Gain Calculator [12]. The minimum 
age value takes into consideration the majority age of most 

countries. The maximum value was chosen based on the higher 
risk of pregnancies over this age. The fourth input variable, BMI, 
was calculated using the standard equation of mass in kilograms 
divided by the square of the height in meters. The linear equa-
tions of the works [6,10] and the equations (3) to (6) calculated 
from data of were used to estimate the SED value for each popu-
lation. Considering that each equation correctly represents the 
populations, the SED estimation result corresponds to the indi-
vidual’s data from the populations of the six equations studied. 
Table II illustrates the mean and standard deviation (STD) of the 
randomly generated data for each of the parameters. Figure 3 
illustrates the mean and STD for the estimated SED of the popu-
lation results for each equation representing the groups.

Table 2: Random generated population data

Patient characteristics Mean Standard deviation

Age (years) 28.70 6.58

Height (m) 1.65 0.15

Mass (kg) 68.97 11.80

BMI (kg/m2) 25.84 6.55

	 This table describes the mean and standard deviation of the 
four characteristics of the patients that were randomly generated to 
create the population data.

Figure 3: Mean and standard deviation of estimated SED for the 
parturient population.

C. Analyzing the populations

T-test [14] was performed to seek statistic similarities be-
tween the population groups, equal variances and hypothesized 
no mean difference was assumed for the comparisons between 
each pair of groups. The input values of the group in this test 
were the SED values. There is no difference in mean SED values 
between the Indian individuals generated by (2) and the Chi-
nese individuals generated by the Chinese equation of equation 
(6) (p>0.05). So, in one of the here presented approaches, these 
two samples of populations were analyzed as an Indian-Chinese 
group. An important point to notice is that [9] indicates that In-
dians were represented by the Asian group but the two hundred 
individual samples generated for the Asian group [9] and Indian 
group present differences in mean SED values in the t-test. Figure 
3 graphically illustrates the similarities between Indian (blue dia-
mond) and Chinese (black X cross) group and the difference of 
Indian to Asian (orange circle) group.
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Figure 4: Scatter plot of BMI x SED comparing populations of 
Indian, Chinese and Asian groups.

The only other pair of groups that present no difference in 
mean SED in t-test (p>0.05) were the Michigan individuals gen-
erated by (1) and the White individuals generated by White 
equation (3). Authors of Michigan work commented that they 
do not collect data of race or ethnicity [6]. The 2018 census in 
[15] indicates that the Michigan population corresponds to a 
majority of white people (79%), Black and African American cor-
responds to 14% and Asian to 3.2%. The census date has a little 
more than a decade after the study data from Michigan [6]. An 
assumption was made here that these statistics did not change 
considerably over this time. With this assumption, the census 
data reinforces the statistically proved correspondence of these 
groups. We then consider Michigan estimated data together 
with the White group estimated using equation (3). The name 
of this new group is Michigan- White.

D. Approaches to construct the models

The combined inputs (mass, height, age and BMI) were con-
sidered as the independent variables in a multilinear regression 
model and the SED was considered as the dependent variable.

On the first approach two new groups of populations were 
formed, as commented on the previous section. The Indian-
Chinese and Michigan-White groups use each one a population 
size of n=400.

For the second approach, all the six groups were combined, 
forming a population size of n=1200. All data were used to create 
a general equation. This approach is useful when the equation 
for a specific group does not exist or when measures approxi-
mated could be considered.

All statistical analyses regarding t-test and multilinear regres-
sion were made using XLMiner Analysis ToolPark [16], an add-on 
of Google Sheet.

Results

The linear regression equations of the two proposed ap-
proaches are presented in this section.

A. Different equations for groups of populations

The results of the Michigan-White linear regression were 
statistically significant for a relationship from BMI, age and 
SED (p<0.01). Mass and height did not represent a significant 
(p~1>0.01). Although statistically significant, the impact of age 
on the estimated SED is 0.11cm in the whole domain of age, 
which could be considered as irrelevant in SED estimation (mini-
mum= 3.93, maximum=7.74 for this group), so, only BMI was 
used in the final equation. For the Indian-Chinese equation the 

only input variable that represents statistical significance in rela-
tion to SED was BMI (p<0.01). The new equation for this group 
was slightly different for the one of the Chinese group of equa-
tion (6) calculated from data of [9]. The regression equation (7) 
represent the Michigan-White group and equation (8) represent 
the new group of Indian-Chinese.

Y = 2.44 + 0.12 BMI	 (7)

Y = 3.03 + 0.07 BMI	 (8)

The scatter plot of figure 4 shows that the results of the esti-
mated SED for the new Michigan-White equation (orange circle) 
were always between the results of the two input equations. For 
BMI <32 the SED values from Michigan [6] are greater than the 
one from White group [9], after that limit the behavior is the op-
posite for almost all the remaining data.

Figure 5 shows that the results of the estimated SED for the 
Indian-Chinese equation (orange circle) have a small difference 
on the slope from the Chinese group of equation(6) (black X 
mark). The new equation has SED values lower than the Indian 
parturient group [10] for BMI<17 and BMI>35.

Figure 5: Scatter plot of BMI x SED comparing the inputs and 
output for the Michigan-White group.

Figure 6: Scatter plot of BMI x SED comparing the inputs and 
output for the Indian-Chinese group.

B. One equation combining all the parturients data

For the second approach, we combine the samples of all the 
six populations without the information of ethnicity or origin. 
The influence of all four independent variables on SED was test-
ed in a multiple linear regression model. Only BMI have shown 
statistical significance (p<0.01) for this model. The regression 
equation (9) represents the result of this.

Y = 2.52 + 0.11 BMI         (9)
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The mean value of the SED for all the samples is 5.30 cm with 
an STD of 0.74 cm, the minimum SED value is 3.82 cm and the 
maximum is 8.60 cm.

Figure 6 shows the comparison of results of the estimated 
SED for all equations and the Generic equation with the combi-
nation of all data (orange circle). For small values of BMI, all the 
equations present very near SED values, as the BMI grows the 
majority of the results diverge.

Figure 7: Scatter plot of BMI x SED comparing the inputs (all 
groups) and output (Generic equation).

The bigger values are the ones of the Black group of equa-
tion (5) and the smallest are the ones of the Chinese group of 
equation (6) or on Indian group of [10]. The Generic equation 
constructed with the samples of the parturient data of all the 
populations gives an average value of SED.

Discussion

It’s important to highlight that the premise used for this 
study is that each analyzed equation correctly describes the 
population that it was based on. This was necessary, as we do 
not have access to the original population data of each of the 
works studied.

The curves illustrated on the results were all about Body 
Mass Index (BMI) versus Skin to Epidural space Distance (SED) 
because the BMI was the variable that has the greater relation 
with the SED. This was observed in many previous works and 
here too.

Concerning the approach of different equations for popula-
tion groups, the results detailed on the last section support both 
visually and statistically that the population samples considered 

as input for each equation have similar characteristics. In this 
sense, the aggregation of data proposed represents an informa-
tion gain for the groups. For both Michigan-White and Indian-
Chinese equations, the estimated SED seems well suited. The 
similarities found between the Indian data and the Chinese one 
was unexpected as the Chinese group defined by the UK work 
includes the Indian population [9].

Analyzing the data of all parturient groups as one makes 
the population more diverse. The level of explanation could be 
indicated through the adjusted r-square which represents how 
close the data are to the fitted regression model. The value of 
adjusted R-square for the Michigan-White is 98.82%, for the 
Indian-Chinese group is 94.22% and for the Generic group the 
value is 69.19%.

The model of the Generic equation is 25% less precise con-
cerning population than the Indian-Chinese equation and 30% 
concerning the Michigan-White equation of the first approach. 
With a fit of almost 70%, the result of the Generic equation 
could be satisfactory on a range of applications which not have a 
demand for a huge precision estimation of the SED or even when 
a more precise equation does not exist for the group of the pop-
ulation been studied.

As limitations of this study, the authors point out the use of 
approximated data of the populations, estimated from the equa-
tions used as input. The approach is more general than local 
studies but considered only populations from the UK, Singapore, 
USA (Michigan) and India.

Conclusion

We described two approaches to determine skin to epidu-
ral space distances on parturients. The idea is to use this data 
as input to the creation of virtual patients on a simulator of 
epidural anesthesia as the one on development presented in 
Figure 8 [17]. The first approach uses population group informa-
tion to give a more precise output. The Indian-Chinese equation 
brought a question on the formation of groups proposed by the 
UK work [9] and is open to debate in this matter. The second 
approach gives an average value that could be used in the lack 
of an equation for the group of population or when a rough esti-
mate is acceptable. In both proposed approaches here the fused 
data using multicentric populations produced equations that can 
be more universal applied to the problem of estimating the skin 
to epidural distance.

Figure 8: Some screen of the applicon on development for training epidural block [17] .
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Future works

Future works include the determination of the thickness of 
each layer of tissue that exists in the distance between the skin 
and the epidural space to provide more detailed information to 
the simulator. Another possible study is to include more data to 
create different equations for the two possible positions of the 
parturient on the epidural block.
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