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Introduction

 Dural puncture as a complication of epidural anesthesia in pae-
diatric patients can be reduced by improving the anesthesiologists’ 
ability to predict the skin-epidural distance, thus improving the safety 
of epidural anesthesia [1-3]. Anesthesiologists can insert the epidural 
needle more carefully when it has a close proximity to the prediction 
value of skin-epidural distance.

 The skin-epidural distance in L2-L3 is around 10 mm in neonates 
[4]. This depth increases linearly according to the age. Body weight 
and height also contribute in determining the skin-epidural space dis-
tance [4,5]. There are several formulas to determine Skin to Epidural 
space Depth (SED), one of them is Bosenberg formula who has two al-
ternatives, SED (mm) = 0.8 mm x weight (kg) + 3.93 mm, and the sim-
plified formula SED (mm) =1 mm x kg body weight to improve safety 
and success rate in the epidural anesthesia procedure [5]. The Bosen-
berg formula is the most widely used formula to predict skin-epidural 
distance in paediatrics patients, especially in Caucasians. Different 
populations and races present different anatomy of vertebrae. More-
over, Uemura also has a formula for paediatrics in Japan, SED (mm) = 
0.8mm x weight (kg) + 8 mm [6].

 Since anatomical difference can reduce the accuracy of Bosenberg 
formula, this study aimed to find out whether the Bosenberg formula 
is accurate in predicting skin-epidural distance in Malayan paediat-
ric patients. This study also aimed to find out the correlation between 
patient’s age, weight, and height to the actual skin-epidural distance, 
and to found the formula to predict skin-epidural distance in Malayan 
paediatric patients.

Methods
 This was a retrospective cross sectional study in Cipto Man-
gunkusumo Hospital, Jakarta, Indonesia which included Indonesian 
Malayan paediatric patients ASA I-III in the age range of 6 months 
to 10 years old who had elective surgical operations in January 2011 
- July 2015 with lumbal epidural anesthesia insertion at L4- L5 with 
needle angle 0-300 (in accordance with Cipto Mangunkusumo hospi-
tal’s Standard Operating Procedure). Patients with vertebrae malfor-
mations, underweight or obese based on <5% and >95% percentiles,  
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Abstract
Background: Prediction of skin-epidural distance on paediatric pa-
tient is necessary to avoid paediatric epidural anesthesia complica-
tions. Bosenberg prediction formula of 1 mm/kg of body weight was 
widely used in Caucasian paediatric patients. However, there are 
anatomical variations between Caucasians and Asians, which leads 
us questioning the accuracy of Bosenberg formula of 1 mm/kg in 
predicting the distance between the skin and epidural space in pae-
diatric Malayan patients, and which factors contribute in determining 
epidural space depth.

Methods: This was a retrospective cross-sectional study, subjects 
included were 53 Malayan paediatric patients who had underwent 
epidural anesthesia in Cipto Mangunkusumo Hospital in January 
2011 - July 2015. After approval from Universitas Indonesia Ethics 
Committee, age, weight, height and actual loss of resistance dis-
tance from skin data were collected and analysed. SPSS 22 was 
used to perform statistical calculation on this set of data. Accuracy of 
Bosenberg formula was analysed using Bland-Altman test by com-
paring the actual Loss of Resistance (LOR) distance with predicted 
LOR from Bosenberg formula. Linear regression analysis was used 
to identify variables that had predictive value to skin-epidural dis-
tance.

Result: Limit of agreement between the actual  Loss of Resistance 
(LOR) distance with predicted LOR from Bosenberg formula were 
-4.41 to 3.15, which was significantly larger than the expected limit 
of agreement (-1.25 to 1.25). There was a strong corelation between 
age, weight and  height to skin-epidural distance. Patient’s weight  
had the strongest power to predict skin-epidural distance. R2 value 
for weight, height and age were 92.7%, 75.9% and 57% respectively.

Conclusion: The Bosenberg prediction formula of 1 mm/kg of body 
weight is not accurate to predict skin-epidural distance in Malayan 
paediatric population. There is a strong  relationship between pa-
tient’s age, height, and weight to skin-epidural distance in Malayan 
paediatric patients.
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were excluded. Forty seven subjects were needed for this study based 
on descriptive research with numeric variables sample formula and 
linear regression sample formula calculation. After ethical clearance 
from Universitas Indonesia Ethics Committee, patients’ age, weight, 
height, and predicted skin-epidural distance with Bosenberg formula 
data were collected. The actual skin-epidural distance recorded was 
the depth of the needle measured in mm when reached the epidur-
al space with loss of resistance technique using syringe prefilled with 
normal saline and confirmed then with smooth epidural catheter in-
sertion.

 Data analysis was done using SPSS 22. Bland Altman test was 
done to test the accuracy between predicted skin to epidural distance 
by Bosenberg formula and the actual Loss of Resistance (LOR). The 
Bosenberg formula that was compared to in this study was the simpli-
fied formula of SED (mm) = 1 mm x weight (kg). The limit of agree-
ment value was calculated using this formula:

Limit of agreement = mean difference ± 1.96 x standard deviation

 Linear regression analysis was done to find out which of the three 
variables has the strongest correlation towards LOR.

Result
 Fifty three patients were included in this study, from January 
2011 - July 2015. Subject characteristics were presented in Table 1. The 
number for male patients is 52.8% which was almost the same number 
with female patients, 47.2%. The median for subjects was 63 months, 
with 6 months being the youngest and 116 months being the oldest. 
Mean for body weight was 16.5 kg, with 6.8 kg as the lightest weight 
and 35 kg as the heaviest weight. Mean for height was 101.5 cm with 
range 65 cm to 140 cm. In this study, the median LOR was 15 mm with 
LOR ranges from 7 mm to 40 mm. There were no complications of 
epidural anesthesia found in this study (dural puncture, infection and 
hematoma).

 Mean actual skin - LOR distance in this study was 17.151 mm. 
This value is larger than mean predicted Bosenberg skin- epidural dis-
tance which was 16.519 mm (Table 2). The mean difference between 
the actual and Bosenberg LOR was -0.632.

 Limit of agreement between predicted Bosenberg skin-epidural 
distance and actual skin - LOR distance were -4.41 mm to 3.15 mm  

(Figure 1).  The predicted Bosenberg skin-epidural distance could 
have difference as much as 3.15 mm more or 4.41 mm less than the 
actual skin - LOR distance.

 Spearman test result showed a positive correlation in the Table 3. 
The strongest correlation belongs to age (R = 0.09), followed by weight 
(R = 0.966) and height (R = 0.906). Data synthesis of the three vari-
ables showed p < 0.001 with p-value significance of 0.05.

 There were multicollinearity correlations between each variables 
to the actual LOR, thus analysis can only be done using linear regres-
sion, which resulted in three equations to predict the skin- LOR dis-
tance (Table 4).

 Weight had the strongest correlation with skin LOR distance 
(R2 = 92.7%), compared to age (R2 = 57%) and height (R2 = 75.9%).  
Figure 2 showed the scattered diagram of the actual skin - LOR  
distance towards predicted standardized weight value obtained from 
the linear regression equation.

Discussion
 Subjects in this research are paediatrics in 6 months to 10 years 
age. This age range was chosen due to similar age characteristics in  

Description Subjects (n=53)

Sex 

      Female (%) 47.2

      Male (%) 52.8

Age (months)a 63 (6 - 116)

Weight (kg)b 16.5 ± 7.2

Height (cm)b 101.5 ± 20.4

Loss of  resistance (LOR) (mm)a 15 (7 - 40)

Surgical procedure

     Laparotomy (%) 73.6

     Urology (%) 11.3

     Orthopedy (%) 15.1

Table 1: Subjects’ Characteristics.
aPresented in median (minimum-maximum)
bPresented in mean  ± standard deviation

Variable (mm) CI 95%

Lower Top

Mean actual LOR 17.151 15.246 19.056

Mean Bosenberg LOR 16.519 14.529 18.509

Mean difference of  LOR -0.632 -1.164 -0.100

Table 2: The mean value of  LOR.

Variabel R P

Age (months) 0.809 <0.001*

Weight (kg) 0.966 <0.001*

Height (cm) 0.906 <0.001*

Table 3: Correlation between Age, Weight, and Height to the Actual LOR.

*Spearman test, p-value significance 0.05

Variable Linear Regression Model R2

Age LOR = 8.162+(0.150 x age (months)) 57%

Weight LOR = 1.912 + (0.922 x weight (kg)) 92,7%

Height LOR = -12.892+(0.296 x height (cm)) 75,9%

Table 4: Linear Regression Equation to Determine Skin-Epidural Space (LOR)  
towards Each Variable.

Figure 1: Bland-Altman test result of  the actual LOR towards Bosenberg LOR. 
Limit of  agreement -4.41 to 3.15, mean difference -0.632 (CI 95% -1.164 to -0.100).
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Bosenberg’s study. In Bosenberg’s study, the mean age of the subjects 
was 54 months and the mean weight was 15.7 kg, while in this study 
the mean age was 59.7 months and the mean weight was 16.5 kg. 
Based on these data, the subjects’ characteristic in this study does not 
differ much from Bosenberg’s. The mean LOR of this study was 17.1 
mm while mean LOR in the Bosenberg’s study was not mentioned [1].

 Range of difference allowed between predicted and actual value 
had been determined as 2.5 mm (-1.25 to 1.25 mm) prior to this study. 
This value was determined based on the accuracy of epidural needle 
depth measurement which is 2.5 mm. The limit of agreement obtained 
was -4.41 mm and 3.15 mm, which were much larger than the dif-
ference allowed. Bosenberg’s formula did not accord with the actual 
skin-LOR distance in Malayan paediatric patients’ age 6 months to 10 
years.

 The inaccuracy of the Bosenberg’s formula in predicting the 
skin-epidural distance in this study can be due to several factors, such 
as the differences of subcutaneous fat thickness, differences of verte-
brae anatomy between Malayans and Caucasians, and the difference of 
the measurement angle while doing the epidural anesthesia.

 Gurrici et al., [7] stated that Malayans in Indonesia had larger 
body fat composition than Caucasians with the same Body Mass In-
dex (BMI). Wang et al., [8] stated that Asians has smaller BMI and 
larger percentage of body fat than Caucasians in the same age pop-
ulation and sex. Based on those studies, racial difference could cause 
a difference in the body fat composition, including subcutaneous fat 
distribution between Asians and Caucasians although both are in the 
same age and sex groups. The presence of thicker subcutaneous fat 
could contribute to bigger skin-epidural distance.

 Tan et al., [9] stated that Asians had bigger corpus vertebrae than 
Caucasians, which should cause smaller skin-epidural distance due to 
the relative dorsal propulsion of the epidural space.  Malayan had more 
subcutaneous fat than Caucasians’ which causes larger skin-epidural 
distance despite of the bigger corpus vertebrae. Smaller skin-epidur-
al distance in Asians compared to Caucasians was also reported in 
Uemura’s study about paediatrics in Japan. Uemura [6] suspected the 
difference in the skin-epidural distance is also caused by the patients’ 
height. Japanese patients were shorter than Caucasians despite of the 
same body weight, which causes addition in the subcutaneous fat in 
the Japanese and resulted in the larger skin-epidural distance [6,10].  

Epidural anesthesia in Uemura’s study was done at lumbal level L3-
L4, while in this study the puncture level was at L3-L4 to avoid dural 
puncture in paediatrics.

 Moreover, the difference in the skin-epidural distance can be due 
to the different technique of epidural needle insertion. Bosenberg stat-
ed that the skin-epidural distance can increase up to 1.5 mm in the 30o 
angle [11]. In this study, we did not record the exact needle insertion 
angle for every puncture. Further prospective study recording certain 
needle insertion angle data is needed to assess the accuracy of the 
Bosenberg’s formula in paediatric Malayan patients aged 6 months to 
10 years old.

 In the bivariate analysis there were significant correlations be-
tween age, body weight and height as variables. This study stated that 
body weight had the strongest correlation as a factor that contributes 
to the skin-epidural distance in paediatric Malayan patients aged 6 
months to 10 years old. Similar findings were stated by Bosenberg, 
Hasan, Uemura, and Franklin [1,5,9-11]. This similarity might be due 
to the increased subcutaneous fat which causes increased skin-epidur-
al distance.

 The equation to predict the skin-epidural distance obtained from 
linear regression analysis based on the age and body weight had weak-
er correlations than the body weight. The accretion of the age causes 
an increase in body weight and height. In the paediatrics, the height 
will continue to increase and stop when the person is full-grown [12].

 The age accretion will cause anatomical changes in the vertebrae, 
which affects the skin-epidural distance. As the age gets older, the 
skin-epidural distance gets bigger. The addition of the distance is not 
caused by the addition of age only, but also weight and height growth 
as well.

 Wu et al., stated that height had a negative correlation towards 
subcutaneous fat in posterior part of the body [13] Height growth 
without weight increase causes lesser skin-epidural distance due to 
less subcutaneous fat. Subjects in this study were patients with height 
growth accompanied with weight addition, thus causing deeper 
skin-epidural distance, which is also shown with linear regression 
equation in this paper. To conclude, the increasing age, weight and 
height will cause deeper skin-epidural distance.

 The prediction value of the skin-epidural distance obtained from 
the linear regression equation based on age, weight and height had a 
good correlation with the actual skin-epidural distance in paediatric 
Malayan patients. The strongest correlation value belongs to weight 
(R2= 92.7%). Thus the equation to predict the skin-epidural distance 
obtained from linear regression analysis based on the weight was ac-
curate to use in Malayan paediatric patients:

Skin-epidural distance (LOR) = 1.912 + (0.922 x kgBW) mm

 Limitation of the study include the retrospective method that 
this study used (the data was obtained from medical records) and the 
measurement bias that could arise from different operators since there 
was no standardization of operators’ skill in doing epidural anesthesia 
eventhough all operators were in the same educational stage. The dif-
ference in measuring needle distance could affect the prediction val-
ues result of skin-epidural distance in the Malayan paediatric patients.

Figure 2: suggests a positive linearity between the predicted LOR value based on 
the weight and the actual LOR. Thus, the linear regression assumption of  this study 
was fulfilled.

Scattered diagram of  the Actual LOR towards Standardized Weight Value
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Conclusion
 The Bosenberg’s formula was not accurate in predicting the 
skin-epidural distance in Malayan paediatric patients aged 6 months 
to 10 years old. Age, weight, and height had significant correlations 
with the skin-epidural distance in the patients. The formula to predict 
skin-epidural distance obtained by the linear regression analysis based 
on weight was accurate to use in the Malayan paediatric patients aged 
6 months to 10 years old in Cipto Mangunkusumo Hospital.
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