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ABSTRACT 

The Background and Objectives: A sciatic nerve block at the level of the popliteal fossa is frequently administered 
for post-operative analgesia for surgery below the knee. While ultrasound continues to gain popularity as the technique 
of choice for guiding needle positioning during peripheral nerve blocks, practitioners can begin to utilize ultrasound to 
look for patterns of anatomical significance. Recognizing anatomical variations among different demographic popula- 
tions can help practitioners improve in performing nerve blocks. We aim to determine if predictable variability exists in 
sciatic nerve bifurcation location and depth at the level of the popliteal fossa. Methods: After IRB approval, eligible 
subjects were screened for ASA I or II status and demographic data was collected. Fifty subjects were enrolled. The 
SonoSite MicroMaxx® with 38-mm broadband linear array, 13 - 6 MHz probe with color Doppler and image capturing 
capabilities was used for ultrasound measurements. With subject lying prone, the location of the sciatic nerve in relation 
to the popliteal crease and skin-to-nerve distance were assessed via ultrasound. Two independent investigators con- 
firmed nerve location for measurements. Analyses were performed with SAS version 9.1 using Pearson Correlation 
Coefficients and regression analysis. Results: Gender stratification revealed that, while males were both taller and 
heavier, skin-nerve measurements for depth were consistently deeper in females (p-value 0.02). Independent of the right 
or left leg, male gender and increased height decreases the skin-nerve distance, while increased weight increases the 
distance. There was no correlation between patient characteristics and crease-nerve distance. In some subjects, variabi- 
lity of crease-nerve distance even existed between their right and left leg. Conclusion: We show that significant vari- 
ability exists for actual sciatic nerve bifurcation location, or target injection site, with consistently deeper skin depth 
values for female patients when compared to male patients, accounting for height and weight. These findings suggest 
visualization techniques such as ultrasound may lead to better localization of ideal injection sites. 
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1. Introduction 

A distal sciatic nerve block in the popliteal fossa is 
frequently indicated for anesthesia and post-operative 
analgesia for lower extremity surgery below the knee. The 
sciatic nerve is formed from the L4-S3 spinal segments 
and divides into the tibial nerve (TN) and common 
peroneal nerve (CPN). The ideal injection of local 
anesthetic should be positioned next to the main trunk of 
the sciatic nerve before its bifurcation to avoid an 
incomplete block [1,2]. The textbook posterior approach 
to the distal sciatic nerve is performed approximately 
inserting a needle 7 - 8 cm proximal to the crease formed 

in the popliteal fossa when the knee is flexed 90 degrees. 
The technique does not factor in patient characteristics 
and anatomical variations of the nerve [3]. An anatomical 
variation in the division of the sciatic nerve is seen as a 
possible cause for incomplete blocks. Based on cadaveric 
specimens, the bifurcation of the sciatic nerve occurs less 
than 8 cm from the popliteal crease in only 75% of the legs 
investigated, which means the injection site could be distal 
to the bifurcation in 25% of patients when using the 
classic approach [1]. Anatomic variations were further 
analyzed with handheld ultrasound where the division was 
visualized in 72% of volunteers [4]. The purpose of the 
current study is to use ultrasound imaging to further 
analyze and determine if predictable variability exists in *Corresponding author. 
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the location of bifurcation and depth of the sciatic nerve in 
the popliteal fossa. 

2. Methods 

After institutional review board approval (The George 
Washington University, Washington, DC) and written 
informed consent, 50 healthy volunteers participated in 
this study. The subjects provided weight and height mea- 
surements and answered screening questions to ensure 
ASA I or II status. Subjects were then asked to lie prone 
with bilateral lower extremities exposed. The SonoSite 
MicroMaxx® with 38 mm broadband linear array, 13 - 6 
MHz probe with color Doppler and image capturing 
capabilities was used for sonography. Distance from the 
popliteal crease to the sciatic nerve was measured on the 
skin with ruler and marking pen. 

The depth of the sciatic nerve from the skin was mea- 
sured by the ultrasound point-to-point caliper ruler and 
was documented as skin-to-nerve distance. Images of the 
nerve and measurements were captured via the ultrasound 
machine. Image quality was based on the ability of two 
independent, expert observers (JB, PD), one performing 
ultrasound scanning and one observing, to identify the 
sciatic nerve with degree of confidence noted as follows: 
“Good,” for two investigator certainty; “Fair,” for one 
investigator certainty; or “Poor,” if neither investigator 
could be certain of sciatic nerve bifurcation location. 

Analyses were done with SAS version 9.1. A signi- 
ficance level of <0.05 was used, and all tests were two- 
sided. Only data from ultrasound imaging rated as “good” 
was included for analysis. 

3. Results 

Fifty ASA I and II classification subjects were enrolled. 
According to predetermined criteria, the sciatic nerve 
division in the popliteal fossa was visualized in 47 of 50 
(94%) volunteers. A total of 43 subjects were used for the 
final data analysis (4%, or 8%, dropped due to missing 
data; 3%, or 6%, were dropped due to fair or poor ultra- 
sound identification of nerve). Subjects were ages 19 - 59 
(mean 34.9 years old), 18 female and 25 male, height 
(154.9 - 193.0 cm or 61"- 76") (mean 173.4 cm (68")), and 
had no history of lower extremity trauma or congenital 
abnormalities (Table 1). 

For the skin-nerve distance (depth of sciatic nerve at  
 

Table 1. Patient characteristics. 

Age (years) 34.9 + 8.7 

Gender (Male/Female) 25/18 

Weight (kg) 72.4 + 14.1 

Height (cm) 173.4 + 10.5 

BMI (kg/m2) 23.9 + 3.3 

level of bifurcation), the mean for female subjects is 1.70 
cm with a 95% confidence interval from 1.52 - 1.88. The 
mean for male subjects is 1.46 cm with a 95% confidence 
interval of 1.34 - 1.58 (Figure 1). The t-test comparing the 
population means of the two groups yields a p-value of 
0.02, indicating that females have greater mean skin-nerve 
distances than males. Comparing the skin-nerve distance 
between the right and left leg of the same subject reveals 
the absolute difference between legs is 0.29 cm (95% CI − 
0.25, 0.83). 

To predict the skin-nerve distance, a mathematical 
model can be constructed as follows: SKIN = 12.224 − 
0.1216 * WEIGHT + 0.0003 * WEIGHT 2 − 13.296 * 
GENDER + 0.1527 * GENDER * WEIGHT − 0.0004 * 
GENDER * WEIGHT 2, where GENDER = 1 for female, 
and GENDER = 0 for male. 

The F-test for the usefulness of the model has a p-value 
of 0.0004, which suggests that the model is useful in 
predicting the skin-nerve distance. The adjusted-R2 for 
the model is 0.201, which means 20.1% of the variability 
in the skin-nerve distance can be explained by the model. 
In addition, the t-tests for the parameter coefficients in the 
model all have p-values less than 0.01 (Table 2), which 
shows significant linear relationship between skin-nerve 
distance and every covariate in the model. 
 

 

Figure 1. Gender stratification for skin-nerve distance. 
 
Table 2. Parameter estimates of model to predict the skin- 
nerve distance. 

Parameter Estimates 

 Parameter Standard   

Variable DF Estimate Error t Value Pr > |t|

Intercept 1 12.22429 3.74387 3.27 0.0016

Weight 1 −0.12165 0.04261 −2.85 0.0055

Weight2 1 0.00033985 0.00012060 2.82 0.0061

Gender 1 −13.29633 4.14905 −3.20 0.0020

Gender*Weight 1 0.15274 0.04908 3.11 0.0026

Gender*Weight2 1 −0.00041441 0.00014466 −2.86 0.0054
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For the crease-nerve distance, the mean for female 
subjects is 5.77 cm (95% CI 5.35, 6.20), and the mean for 
male subjects is 6.02 cm (95% CI 5.48, 6.55). The t-test 
comparing the population means of the two groups does 
not distinguish a difference between genders. There were 
18 of 43 (42%) subjects that had crease-nerve distance 
greater than 7 cm and 10 of 43 (21%) subjects had crease- 
nerve distance of 8 cm or more. Comparing the crease- 
nerve distance between the right and left leg of the same 
subject, the absolute difference for crease-nerve distance 
is 1.24 cm (95% CI -1.09, 3.56). However, 12 of 43 (28%) 
subjects had an opposite leg difference in crease-nerve 
distance greater than 2 cm. 

We also tried different models to predict the crease- 
nerve distance from the covariates and their transforma- 
tions. However, we cannot find a significantly useful mo- 
del to predict the crease-nerve distance, and none of the 
models we tried had a p-value less than 0.05 for the F-test 
of the model usefulness. 

4. Discussion 

Nerve localization techniques for regional anesthesia have 
evolved from paresthesia or peripheral nerve stimulation 
using anatomical landmarks to the more recent use of 
ultrasound guidance. There is insufficient evidence when 
measuring acute pain outcomes, and the question remains 
whether ultrasound techniques are superior to traditional 
landmark techniques incorporating nerve stimulation. [5].  

The current literature overall does favor ultrasound 
guidance in technical block-related outcomes such as 
performance time, block onset, local anesthetic dose, and 
sensory block quality [6]. Ultrasound guidance allows not 
only for real-time, direct visualization of nerve structures, 
needle advancement, and local anesthetic spread, but also 
for detection of anatomic variations that are known to exist 
when compared to the anatomic dissections of cadavers 
illustrated in textbooks [7,8]. 

Vloka et al. demonstrated that anatomic variations exist 
where the sciatic nerve divides into the tibial nerve and the 
common peroneal nerve after dissection of the popliteal 
fossa in 15 adult cadavers. The distance above the popli- 
teal fossa crease to the bifurcation varied from 0 to 115 
mm, and with their anatomic model, a needle inserted at 
50 mm, 70 mm, or 80 mm above the popliteal fossa crease 
would only be proximal to the division of the sciatic nerve 
in 46%, 57%, and 75%, respectively [1]. This is clinically 
relevant because the sciatic nerve block in the popliteal 
fossa under nerve stimulation or paresthesia is often per- 
formed at 70 mm or 80 mm above the popliteal fossa 
crease and local anesthetic injected after response is 
obtained in the distribution of only one division of the 
nerve. Although there is a common epineural sheath that 
may carry the local anesthetic to the other division, an 
extraepineural injection at a location distal to the bifur- 

cation is the likely cause of the variable success rate of 
popliteal sciatic nerve blocks under traditional landmark 
with nerve stimulation techniques [2]. 

There have been attempts to modify the traditional land- 
mark approach in order to capture the sciatic nerve before 
its bifurcation in more patients. Nader et al. compared 
nerve stimulator-guided popliteal sciatic nerve block with 
a classic approach performed 7 - 8 cm to a modified inter- 
tendinous approach performed 12 - 14 cm above the pop- 
liteal crease. They found complete block achieved in 39 of 
54 (79.9%) patients in the classic posterior group com- 
pared to 44 of 55 (81.5%) patients in the modified inter- 
tendinous group [3]. 

Schwemmer et al. further characterized the anatomic 
variations of the sciatic nerve division using handheld 
ultrasound and attempted to correlate the ultrasound find- 
ings with patient’s characteristics. They visualized the 
sciatic nerve division in 53 of 74 (72%) volunteers and 
concluded that a relationship existed between the width of 
the popliteal crease and the depth of the nerve division, but 
there was no significant correlation in the crease-nerve 
distance and the patient’s characteristics [4]. 

Our study adds to these findings as we analyzed the 
sciatic nerve division in 43 volunteers. After gender 
stratification, we found that while males were both taller 
and heavier, depth of the nerve division was consistently 
deeper in females. Specifically, after regression analysis, 
females of the same age, weight, and height have an ex- 
pected nerve division that is 0.40 cm deeper than males. 
Adipose tissue appears to be a more significant regulator 
than skeletal tissue with regard to skin-nerve depth [9]. 
This is reflected in our data, where intuitively, greater 
weight increased skin-nerve depth. It is also reflected in 
the results of men and women matched for height and wei- 
ght showing disparities in skin-nerve depth, with women 
consistently having a deeper skin-nerve depth. This is 
likely due to two factors: 1) women tend to accumulate 
adipose tissue preferentially in lower body, and 2) the adi- 
pose tissue accumulated is subcutaneous in nature. Adi- 
pose tissue distribution in humans is correlated to sex 
hormone levels and enzyme behavior differences in men 
and women. That women tend to accumulate more adi- 
pose tissue in the lower body is thought to be due to 
women’s increased post-prandial lipoprotein lipase acti- 
vity and decreased responsiveness to lipolysis in these 
anatomic areas [10,11]. 

We were also able to normalize for patient charac- 
teristics by comparing the right and left legs in each 
volunteer. While the absolute difference for crease-nerve 
distance was not statistically significant, there were 12 of 
43 (28%) subjects that had variations in bifurcation site of 
2 cm or more. A difference of 2 cm could be clinically 
relevant when performing the block in the case of an extra- 
epineural injection. Injections of 30 ml of local anesthetic 
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into the epineural sheath would result in a proximal spread 
of 17.2 cm and would likely block both the tibial and 
common peroneal nerves regardless of bifurcation [2]. For 
an extra-epineural injection, a 30 ml spherical volume 
would only have a radius of 1.93 cm, which means if the 
injection is distal to the bifurcation, incomplete block is 
possible. 

Numerous recent studies have compared ultrasound 
guidance versus nerve stimulation guidance alone for the 
sciatic nerve block at the popliteal fossa [12-15]. Gelfand 
et al. performed a meta-analysis to determine if ultra- 
sound guidance improves success rate of a variety of nerve 
blocks. Ultrasound guidance was associated with the most 
significant increase in the success rate for sciatic popliteal 
nerve block (RR = 1.22 [95% CI: 1.08 to 1.39, p = 0.002]) 
[16]. This may be due to a greater degree of anatomic 
variation in nerve location for this block compared to other 
commonly performed blocks. 

Limitations in this study were the inherent variability in 
operator mechanics for finding the sciatic nerve with 
ultrasound and the small sample size of the study. While 
using a single operator for nerve identification likely 
increased the internal validity of the study, external valid- 
ity is less certain. Adding a second expert reviewer 
mitigated the effects of potential operator bias in me- 
asurements. It is also possible that, were more subjects 
enrolled in the study, further correlations and mathe- 
matical modeling predictions would have been evident. A 
larger study that utilizes more operators and subjects 
would be useful to expand upon the data presented. 

5. Conclusion 

The challenge of predicting sciatic nerve injection site is 
exemplified by the variation in bifurcation location that 
exists between the right and left leg among individual 
subjects. Our study has also shown that patient charac- 
teristics such as weight and gender can help predict the 
depth of the sciatic nerve from the skin using a mathe- 
matical model. Future studies should confirm these find- 
ings and investigate other characteristics on a larger scale. 
Ultimately, mathematical modeling may be incorporated 
into ultra-sound-guidance software to improve operator 
success with peripheral nerve blocks. 
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