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Abstract: Popliteal sciatic nerve block is commonly used for anesthesia and analgesia in foot and ankle surgery. The traditional
localization method of body surface marker assisted neurostimulator is cumbersome and has a low success rate of blocking.
Moreover, the safety of conventional nerve block techniques in patients with pre-existing neuropathy (e.g., diabetic peripheral
neuropathy ) remains unclear. The success rate of blockage can be greatly enhanced through the utilization of ultrasound
guidance, reduce the volume of local anesthetic and shorten the onset time. In this paper, several common focal issues in popliteal
sciatic nerve block were discussed, such as the position of the needle tip, the puncture plane, puncture path, the diffusion mode of
local anesthetics and the injection volume and concentration, in order to provide a reference for clinical application.
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The sciatic nerve (SN) is the thickest nerve in the
human body, originating from the fourth lumbar nerve (L4)
to the third sacral nerve (S3). It passes below the piriformis
muscle through the greater sciatic foramen into the gluteal
region, descending between the greater trochanter of the
femur and the ischial tuberosity, and along the posterior
thigh. Near the knee joint, it divides into the tibial nerve
(TN) and the common peroneal nerve (CPN) [1]. The SN
mainly innervates the motor function of the muscles in the
posterior thigh and below the knee, as well as the sensory
function of part of the posterior thigh, posterior knee joint,
and the area below the knee except the medial aspect of the
lower leg. Popliteal sciatic nerve block (PSNB) is
commonly used for anesthesia and postoperative analgesia
in foot and ankle surgeries [2]. It has recently been
demonstrated that ultrasound-guided PSNB for managing
resting pain in patients can enhance comfort and
compliance during intravascular surgical procedures.
Interventional radiologists recommend mastering this block
technique [3]. Previous methods using surface localization
or nerve stimulation devices for nerve blocks often had a
certain rate of incomplete block. Most studies have shown
that ultrasound-guided PSNB significantly increases the
success rate of the block, reduces the local anesthetic dose,
and shortens the onset time, in line with the current
accelerated rehabilitation surgical concepts [4-6]. In recent
years, scholars have conducted numerous studies to
improve the efficacy of ultrasound-guided PSNB. This
article discusses several common focal issues in PSNB and
provides references for clinical application.

1. Needle tip Ication: intrasheath, extrasheath, and
intraneural

Anatomical studies have revealed that the main trunk
of the SN and its branches (TN and CPN) are collectively
surrounded by a nerve sheath, with no nerve fiber crossing

between the two branches [7]. This nerve sheath differs
from the epineurium: it extends from the origin of the SN
to a certain distance distal to the bifurcation point,
surrounding both branches. In the proximal segment of the
SN, the nerve sheath does not completely encircle the
nerve; in the popliteal segment, however, the nerve sheath
completely wraps the SN and has a clear boundary with the
epineurium. The two nerves are separated by the
Compton-Cruveilhier septum and surrounded by their
respective epineuria (Figure 1) [8]. Andersen et al [9]
found in cadaveric studies that the nerve sheath is a thin,
transparent, and fragile tissue layer composed of multiple
fascia layers that surrounds the epineurium. Injecting 10
mL of fluid into this sheath can spread 10-15 cm along the
long axis of the nerve but cannot completely encase the
nerve; in contrast, extrasheath injection can only spread 5-6
cm. Meanwhile, the researchers suggested that intrasheath
injection is not intraneural injection (since intraneural
injection leads to an increase in nerve diameter and the
drug solution can spread 15-17 cm along the nerve).
Therefore, they recommended injecting local anesthetics
into the nerve sheath during PSNB. Missair et al. [10] used
three-dimensional ultrasound to compare the diffusion of
local anesthetics after intrasheath and extrasheath
injections during PSNB. They found that the intrasheath
injection group had a significantly larger amount of local
anesthetic around the nerve than the extrasheath injection
group (5.57 mL vs 148 mL), a longer longitudinal
diffusion distance along the nerve (9.3 cm vs 5.6 cm), and a
higher success rate of complete sensory block (90% vs
60%). Studies by Perlas, Choquet, et al [11-12] also
confirmed that compared with extrasheath injection,
intrasheath injection improved the block success rate,
accelerate the onset time, and prolong the sensory block
duration without increasing the incidence of nerve injury.
Many previous studies have found that PSNB guided
by a nerve stimulator has a high incidence of intraneural
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injection, yet no obvious clinical symptoms of nerve injury
or electrophysiological abnormalities have been observed.
They hypothesized that the structure of the SN may play a
protective role for neural components: from proximal to
distal, the neural components in the SN gradually decrease
while non-neural components such as connective tissue
gradually increase. Moreover, all nerve fibers inside the
nerve are surrounded by a thick and tough perineurium,
making it easier for the puncture needle to enter the
connective tissue between nerve fascicles rather than
directly pierce the perineurium to enter the nerve fascicles
[13-14]. Some recent studies have also shown that
ultrasound-guided intraneural injection can not only
improve the block success rate and accelerate the onset
time but also significantly reduce the dose of local
anesthetic required for the block (only 6.6 mL), with no
clinical symptoms of nerve injury observed within 6
months after the block. However,
neuro-electrophysiological examinations at 5 weeks and 6
months after the block showed a decrease in the amplitude
of action potentials, which was not different from the
decrease observed with intrasheath injection [15-16].
Theoretically, during peripheral nerve blocks, the closer the
injected local anesthetic is to the nerve fibers, the faster the
onset and the more reliable the effect [12]. However,
intraneural injection of local anesthetics may cause the
nerve to suffer mechanical, vascular, or chemical injury
[17]. Numerous animal experiments have shown that
intraneural injection can lead to neuroinflammatory injury
and axon death, while extraneural injection only causes
mild or no neuro-histological changes and is relatively safe
[18-19]. Additionally, due to the nerve's certain self-repair
ability, obvious clinical symptoms often do not appear after
injury. However, its subclinical injury (such as
neuro-electrophysiological changes) is a high-risk factor
for nerve injury when the nerve suffers a secondary insult
[20]. In addition, the resolution of ultrasound commonly
used in clinical practice is not sufficient to accurately
distinguish between whether the needle tip is inside or
between nerve fascicles, which may increase the risk of
nerve injury. In conclusion, the current limited evidence
does not support intraneural injection, but whether the
popliteal sciatic nerve is an exception remains to be studied
(Figure 2) [21].

2 Puncture plane: proximal to bifurcation, distal
to bifurcation, and at bifurcation

The location of the SN bifurcation varies significantly
[22-23]. Barbosa et al. [24] dissected 44 cadaveric
specimens and found that 67.96% of SN bifurcations were
below the apex of the popliteal fossa, 15.90% above the
apex, 11.36% adjacent to the apex, and 4.78% in the
gluteal region. In contrast, Vloka et al. [7] found that the
bifurcation was approximately (60.5£27.0) mm above the
popliteal crease. The high variability of the bifurcation
location may be one of the reasons for the unpredictable
block efficacy of single-injection PSNB guided by a nerve
stimulator: it is impossible to accurately determine whether
the local anesthetic is injected proximal or distal to the

bifurcation [7]. Studies have shown that PSNB guided by a
nerve stimulator, which separately blocks TN and CPN at
the distal site, offers many advantages such as improving
the block success rate and shortening the block onset time
[25]. Similarly, ultrasound-guided separate blocking of TN
and CPN at the distal site of the bifurcation is significantly
superior to blocking the main trunk of the SN proximal to
the bifurcation [26-27]. However, unlike nerve stimulators
that can only roughly estimate the location of the
bifurcation, ultrasound allows direct visualization of the
SN bifurcation and provides real-time guidance for the
advancement of the puncture needle and the diffusion of
local anesthetics. Thus, studies have found that compared
with separate blocking of TN and CPN, ultrasound-guided
injection of local anesthetics at the bifurcation can
significantly improve the block success rate, shorten the
procedure time, block onset time, and anesthesia-related
time [28]. This conclusion has also been verified in clinical
observations by Perlas' team [11]. Notably, Tran et al. [29]
compared the efficacy of intrasheath injections proximal to
the bifurcation and at the bifurcation under ultrasound
guidance and found no difference between the two groups
in block success rate, procedure time, onset time, or total
anesthesia-related time. They believed that the possible
reason is that the nerve sheath acts as a barrier to restrict
the outward spread of local anesthetics and allow free
diffusion within the sheath, thereby increasing the contact
area between the nerve and the local anesthetic. Therefore,
injecting local anesthetics into the nerve sheath is more
important than the injection plane. In summary, since the
SN is surrounded by a nerve sheath along its entire course
in the thigh, intrasheath injection can theoretically be
performed at any plane. However, at the bifurcation, the
two nerves split to form a natural groove where the nerve
sheath is most easily identifiable, making it potentially the
optimal puncture site [11].

Fig.1 The epineurium and neurilemma surrounding the TN
and CPN

Fig.2 Schematic diagram of needle tip position during injection
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3 Puncture approach

PSNB can be performed via multiple puncture
approaches (e.g., posterior or lateral approach), but it
usually requires the patient to be in the prone or lateral
position. Patient positioning is not only time-consuming
and labor-intensive but also increases pain in patients with
lower limb fractures. Furthermore, it is unfavorable for
patients with lumbar fractures, morbid obesity,
hemodynamic instability, or those after general anesthesia
[30-31]. Therefore, an increasing number of studies tend to
explore performing PSNB in the supine position [23, 32].
Taha et al. [33] reported two medial approach PSNB
techniques in the supine position: the patient only needs to
slightly flex the knee (with slight or no tilt of the ipsilateral
pelvis) to fully expose the medial and posterior aspects of
the knee. Technique 1 involves placing a low-frequency
probe on the medial thigh, first identifying and tracing the
femoral artery and vein distally under ultrasound until they
enter the posterior popliteal fossa and become the popliteal
artery and vein. The SN usually runs alongside the
popliteal vessels, and PSNB can be completed via
out-of-plane needle insertion. Technique 2 involves placing
a high-frequency probe in the popliteal fossa, identifying
the SN located superficial to the popliteal vessels under
ultrasound, and completing PSNB via in-plane needle
insertion through the medial thigh (Figure 3). It should be
noted that in the middle and lower segments of the thigh,
the saphenous nerve courses in the anteromedial region, so
both of the above puncture techniques carry the risk of
injuring the saphenous nerve. Mistry et al. [30, 34]
reported a modified lateral approach in the supine position:
the affected limb is kept in a neutral position (without knee
or hip flexion) or with slight internal rotation. A
high-frequency or low-frequency ultrasound probe is
placed perpendicularly on the lateral thigh above the
popliteal fossa, and the probe is moved cephalad. The SN
is identified between the hypoechoic muscles (vastus
lateralis, long head of biceps femoris, semitendinosus, and
semimembranosus muscles) and the hyperechoic femur
(with or without visible popliteal vessels). PSNB can be
completed via either in-plane or out-of-plane needle
insertion from the lateral to the medial aspect of the thigh
(Figure 4). In general, considering the risk of saphenous
nerve injury during needle insertion with the medial
approach, the lateral approach may be a better option, but
this requires more studies to verify.

4 Diffusion pattern of local anesthetics

Circumferential diffusion of local anesthetics around
the nerve is considered a guarantee for the success of
ultrasound-guided peripheral nerve blocks and has been
recognized by the American Society of Regional
Anesthesia and Pain Medicine and the European Society of
Regional Anaesthesia [35]. This also applies to PSNB:
most studies have shown that circumferential diffusion of
local anesthetics around the SN can improve the block
success rate and accelerate the block onset time [36].
However, some studies have questioned this. They found

that the efficacy of median nerve block seems unrelated to
the diffusion pattern of local anesthetics: circumferential
diffusion of local anesthetics around the nerve does not
improve the block success rate, and it is impossible to
determine whether the faster onset of circumferential
diffusion block is due to the diffusion pattern or the larger
dose of local anesthetic used [37]. This view has also been
confirmed by Tiyaprasertkul et al. [38]: they compared the
efficacy of single-point and three-point intrasheath
injections at the SN bifurcation under ultrasound guidance
and found no difference in block success rate within 30
min between the two groups. Although the three-point
injection group had a slightly shorter onset time (12.5 min
vs 15.8 min), the single-point injection group required
fewer needle insertions and shorter needle insertion time,
and three-point injection increased procedural difficulty. In
addition, ensuring circumferential diffusion of local
anesthetics may require multiple punctures or repeated
injections, which may increase the risk of nerve injury,
prolong the procedure time, and increase patient discomfort
[39]. Therefore, some scholars believe that since the SN
has a nerve sheath that restricts the free diffusion of local
anesthetics within the sheath, it may not be necessary to
deliberately pursue circumferential diffusion during PSNB,
and effective block can be achieved simply by injecting the
anesthetic into the nerve sheath. However, this still requires
clinical verification [40]. Nevertheless, Nag et al. [41]
showed that compared with single-point intrasheath
injection (20 mL of 1.5% lidocaine mixed with epinephrine
injected 2 cm above the bifurcation), two-point intrasheath
injection (10 mL of 1.5% lidocaine mixed with epinephrine
injected 2 cm and 6 cm above the bifurcation, respectively)
did not significantly shorten the onset time of complete
sensory block (16.7 min vs 12.1 min). However, because
the local anesthetic diffuses more extensively along the
longitudinal axis of the SN during two-point intrasheath
injection, resulting in a longer length of nerve fibers
exposed to the anesthetic, the onset time of complete motor
block was shorter (20.9 min vs 14.5 min) and the block
duration was longer (344.4 min vs 420.4 min).

Fig.3 PSNB via the medial approach in the supine position

Fig.4 PSNB via the lateral approach in the supine position
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5 Injection volume and concentration

The SN is the thickest nerve in the human body.
During its downward course, different segments contain
different neural components: from proximal to distal, the
neural components gradually decrease, and by the popliteal
segment, the neural components account for only
46%+11%. This may be the reason for the differences in
the minimum effective volume (MEV) of local anesthetics
required for blocking different segments. In addition,
factors such as the type, concentration, and adjuvants of
local anesthetics, the location of the needle tip, and the
patient's age may affect the MEV required for block
[42-45]. Jeong et al. [46] found that the median effective
dose (ED50) of 0.5% ropivacaine was 6 mL, and the 95%
effective dose (ED95) was 16 mL. Bang et al [47]
suggested that the MEVS50 for intrasheath injection of
0.75% ropivacaine was 6.14 mL (4.33-7.94 mL), and the
MEV90 was 8.9 mL (7.09-21.75 mL). Keplinger et al. [48]
believed that the cross-sectional area of the SN wvaries
greatly, so using the cross-sectional area of the nerve rather
than a fixed volume to calculate the 99% effective dose
(ED99) of local anesthetics is more reliable. The study
found that the ED99 of 0.75% ropivacaine for blocking
proximal to the bifurcation was 0.15 mL/mm?. Cappelleri
et al. [16] found in their study that the MEV90 for
intraneural injection during SN block with 1% ropivacaine
was 6.6 mL, with an onset time of approximately (19+12)
min and a success rate of approximately 98%, but its safety
remains to be verified. In addition, patients with comorbid
peripheral neuropathy (e.g., diabetic peripheral neuropathy)
may have increased sensitivity to local anesthetics, so the
dose of local anesthetic required to complete the block is
correspondingly reduced. For example, a study by
Parthasarathy er al. [49] found that for patients with
comorbid diabetic peripheral neuropathy, the MEV90 of
ultrasound-guided  intrasheath  injection of 0.5%
bupivacaine at the bifurcation was 5.85 mL.

6 Summary

As a commonly used clinical peripheral nerve block
technique, improving the block efficacy of PSNB while
reducing complications such as nerve injury has always
been the goal that clinicians have been striving for. Current
evidence indicates that the space between the nerve sheath
and the epineurium between the two branches (TN, CPN)
at the SN bifurcation is the optimal target for the puncture
needle tip. However, the optimal puncture approach and
injection dose, whether it is necessary to deliberately
pursue circumferential diffusion of local anesthetics around
the nerve during intrasheath injection, and the safety of
intraneural injection still require further clinical
verification.
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Research advancements in ultrasound-guided popliteal sciatic nerve block
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Abstract: Popliteal sciatic nerve block is commonly used for anesthesia and analgesia in foot and ankle surgery. The traditional
localization method of body surface marker assisted neurostimulator is cumbersome and has a low success rate of blockage. Moreover,
the safety of conventional nerve block techniques in patients with pre - existing neuropathy (e.g., diabetic peripheral neuropathy)
remains unclear. The utilization of ultrasound guidance can greatly enhance the success rate of blockage, reduce the volume of local
anesthetic and shorten the onset time. In this paper, several common focal issues in popliteal sciatic nerve block were discussed, such
as the position of the needle tip, the puncture plane, puncture path, the diffusion mode of local anesthetics and the injection volume

and concentration, in order to provide a reference for clinical application.

Keywords: Ultrasound ; Popliteal sciatic nerve block ; Regional anesthesia; Postoperative analgesia
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Fig.2 Schematic diagram of needle tip position during injection
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Fig.3 Schematic diagram of PSNB via the medial approach in
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