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Purpose: The location of the sciatic nerve deep within the thigh tissue makes it challenging to locate while the patient is in a supine
position. The posterior intermuscular septum of the thigh, which encircles the posterior surface of the adductor magnus muscle
(AMM), is where the sciatic nerve is located. Our hypothesis was that administering local anesthetic injections into this area could
block the sciatic nerve. Therefore, our aim was to evaluate the effectiveness of sciatic nerve block achieved by injecting local
anesthetic into the posterior intermuscular septum of the thigh, named the AMM approach.

Methods: Twenty-six patients undergoing total knee arthroplasty were included in the study. We performed an ultrasound-guided
sciatic nerve block by injecting 20 mL of 0.25% ropivacaine into the posterior surface of the adductor magnus muscle, using the AMM
approach. Additionally, we administered a femoral nerve block with 20 mL of 0.4% ropivacaine. We assessed the sensory and motor
effects of the blockade in the operated lower limb and recorded postoperative pain scores at 0, 4, 8, 12, 24, and 48 hours after the
operation.

Results: The AMM approach successfully block the sciatic nerve in all 26 patients. The onset of the sensory and motor blockades was
achieved within 5.4 + 1.9 min and 8.7 £ 3.5 min, respectively. We achieved a satisfactory position with the first puncture in 19 of 26
patients (73.1%). The muscle strength of the tibialis anterior immediately after surgery was 4 (ranging from 2 to 5). Additional rescue
analgesics were required in 5 of the 26 patients (19.2%) during the first 24 hours postoperatively.

Conclusion: The AMM approach is an innovative and effective method for sciatic nerve block. When combined with simultaneous
femoral nerve block in patients undergoing total knee arthroplasty, it provides a useful analgesic treatment option.
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Introduction

Sciatic nerve block (SNB) is a safe and effective way to provide pain relief during lower extremity surgical procedures.
Accordingly, the addition of SNB to a femoral nerve block (FNB) has been found to provide better pain relief compared
with an FNB alone.' > SNB can be applied using either an anterior or a posterior approach.* An anterior SNB can be
performed at the same time and from the same region as an FNB with the patient in the supine position, which limits the
number of times the patient has to be moved. However, the sciatic nerve is located deep in the tissue and is positioned
behind the femur,” which often complicates the procedure. The operator needs to repeatedly locate the position of the
sciatic nerve, and may have to perform multiple punctures, which increases the patient’s puncture-related discomfort.
With the patient supine, the sciatic nerve can be recognized in the fat tissue below the adductor magnus muscle (AMM),
which is located 1.5-2 cm posterior to the femur at the level of the upper middle thigh.® The fascia surrounding the
sciatic nerve is the one that surrounds the posterior surface of the adductor magnus, which is part of the posterior

intermuscular septum of the thigh.” Compared with the sciatic nerve, the AMM is much easier to locate by ultrasound.
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Based on anatomical analyses, we hypothesized that the sciatic nerve could be blocked by injecting local anesthetic
(LA) into the posterior surface of the AMM where the posterior intermuscular septum of the thigh is located. In the
current study, we aimed to evaluate the sensory and motor blocks obtained via this new method (AMM approach) in
patients undergoing total knee arthroplasty (TKA).

Materials and Methods

Study Design

Ethical approval for this study was obtained from the Ethics Committee of Peking University Third Hospital, China. The
clinical trial was registered with the Chinese Clinical Trial Registry (clinical trial number ChiCTR2200056048, http://
www.chictr.org.cn/index.aspx) on 2022/1/31. Patients scheduled for total knee arthroplasty under general anesthesia were

enrolled between February 1, 2022 and October 31, 2022. Written informed consent was obtained from all patients. Our
study protocol complied with the Declaration of Helsinki.

A total of 27 participants between 58 and 77 years of age with a body mass index (BMI) of 23-36 kg /m* and an American
Society of Anesthesiologists (ASA) physical status of I-III were eligible for inclusion (Figure 1). Patients with allergies to
medications used in our protocol, a reported history of analgesic drug use longer than three months, local or systemic infections, or
an inability to accurately comprehend or take part in pain assessments because of psychiatric disorders were excluded from the
analysis.

Protocol

All patients were treated according to a standardized anesthetic regimen. After the patient entered the anesthesia
preparation room, their noninvasive blood pressure (NIBP), electrocardiography (ECG) and pulse oxygen saturation
(SpO,) were monitored. Peripheral intravenous access was established, and then 5 pg sufentanil was given before the
nerve block procedure.

Envoliinsnt Assessed _for eligibility
(n=27)
Excluded (n = 1),
Declined to participate
v
Intervention Received the new method of SNB (n=26)
Follow-up Lost to follow-up (n = 0)
A 4
: Analyzed
Analysis (n = 26)

Figure | Study flowchart.
Abbreviation: SNB, sciatic nerve block.
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Peripheral Nerve Blocks

Patients were positioned in the supine position, and a low frequency (2 to 5 MHz) curved array ultrasound transducer was
positioned 8 cm distal to the inguinal crease, perpendicular to the skin, which is the classic puncture point in anterior
approach (C point). Scanning was performed to visualize the sartorius muscle, femoral artery, femoral vein, and femoral
nerve on the deep side of the sartorius muscle. Additionally, the hyperechoic femur, adductor longus (AL), adductor
brevis (AB), AMM, highlighted fascia, and the sciatic nerve located posterior and medial to the lesser trochanter were
scanned. We then slid the ultrasonic probe distally by about 1.5-2 cm (M point), where we could obtain a clearer muscle
image, making it easy to localize the AMM (Figure 2). After sterilizing the skin with an iodine-containing solution and
applying 1% lidocaine, we inserted a short bevel 100-mm, 21-gauge insulated nerve block needle (SonoPlex STIM,
Pajunk Medical Systems, USA) connected to a nerve stimulator (B. Braun Melsungen AG, Germany) and turn on a nerve
stimulator with a pulse duration of 0.1 ms and a stimulating frequency of 2 Hz. The block was performed using an out of
plane approach. The needle was slowly advanced until the needle tip was close to the posterior surface of the AMM, and
proper needle positioning was confirmed by observing fluid distribution beneath the posterior surface of the AMM after
injecting 5 mL 5% glucose solution. Subsequently, 20 mL of 0.25% ropivacaine was administered (Figure 3). The

Figure 2 The short axis (transverse view) ultrasound image obtained with our new AMM approach. C point is the classic puncture point in anterior approach of SNB.
M point is the puncture point in AMM approach.
Abbreviations: FA, femoral artery; AMM, adductor magnus muscle; BFM, biceps femoris.

Figure 3 An ultrasound image obtained immediately after the injection of local anesthetics under the posterior surface of the AMM into the posterior intermuscular septum
of the thigh. The white arrowhead demonstrated the location of needle tip. The Orange circle indicates the area where the sciatic nerve is located and where the local
anesthetics was injected. C point is the classic puncture point in anterior approach of SNB. M point is the puncture point in AMM approach.

Abbreviations: FA, femoral artery; AMM, adductor magnus muscle; SN, sciatic nerve; LA, local anesthetics, BFM, biceps femoris.
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procedure of SNB is shown in the Supplementary Video. After the SNB, FNB was performed using 20 mL of 0.40%

ropivacaine. All nerve block procedures were performed by the same anesthesiologist.

Various measurements were taken during the study, including the depth of the needle (measured as the distance from
the skin to the needle tip, as confirmed via the ultrasound image to be at the deep surface of the AMM), the duration of
the nerve block procedure for all blocks (measured as the time from the start of patient positioning for the first SNB to
the end of the FNB), and visibility scores for both the sciatic nerve and AMM. Visibility scores were assessed using
a 6-point visibility scale, where a score of 0 indicated that no nerve/muscle was identified, and a score of 5 indicated
complete visibility with multiple fascicles/perimysium identifiable (Table 1).* The onset of sensory and motor blockades
(from local anesthetic administration to the start of sensory and motor changes, respectively), the duration of sensory
block (from local anesthetic administration to full sensory recovery), and the number of needle passes (classified as O, 1,
2, or 3, with O representing deliberate needle tip withdrawal to skin level or additional skin puncture) were also
measured.

Anesthesia

General anesthesia was administered 30 minutes after the nerve block via intravenous sufentanil 0.2 pg/kg, propofol 1.5—
2 mg/kg, and cisatracurium 0.15 mg/kg. A laryngeal mask was inserted, and mechanical ventilation was initiated. During
the surgery, general anesthesia was maintained by infusing propofol (0.08-0.1 mg/kg/min) and remifentanil (0.1-0.2 pg/
kg/min) with BIS values fluctuating between 40—60. The same group of surgeons performed total knee arthroplasty on all
patients in the supine position. Following the surgery, patients were transferred to the post-anesthesia care unit and
monitored for complete recovery from anesthesia. Pain severity was assessed using a Visual Analogue Scale (VAS) both
at rest and during movement (0 = “no pain”, 10 = “worst pain imaginable”). Patients were orally administered tramadol
hydrochloride 100 mg every 12 hours. Intravenous tramadol hydrochloride 100 mg was additionally administered to
patients with VAS scores >4.

Outcomes
Postoperative pain was assessed at multiple time points, including immediately after surgery and at 4 h, 8 h, 12 h, 24 h,
and 48 h post-surgery. Possible side effects, such as pruritus, vomiting, nausea, and dizziness, were also recorded.

In addition, a sensory assessment was conducted to evaluate the function of different nerves. This included the tibial
nerve for the plantar aspect of the foot, the superficial peroneal nerve for the dorsal aspect of the foot, the sural nerve for
the posterolateral area of the leg, and the posterior cutaneous nerve of thigh for the posterior area of the thigh. Pinpricks
were administered at 1-min intervals to assess sensory function.

Motor block was assessed by monitoring ankle and knee movement. Muscle strength of the anterior tibialis and
quadriceps femoris was evaluated immediately after surgery and at 4 h, 8 h, 12 h, 24 h, and 48 h post-surgery. Patients
were asked to flex their ankle and knee joints, and muscle strength was scored on a scale of 0 to 5, with 5 indicating

normal joint function.” These scores were independently assessed by another anesthetist.

Table | Visibility Scores for Both the Sciatic Nerve and AMM

Scale Sciatic Nerve AMM

0 No nerve was identified No muscle was identified

| Nerve identified with a high probability Muscle identified with a high probability

2 Nerve identified but most of it was not visible Muscle identified but most of it was not visible

3 Nerve identified and more than 50% of its borders were precisely | Muscle identified and more than 50% of its epimysium were
distinguished from the surrounding structures precisely distinguished from the surrounding structures

4 Nerve completely visible but fascicles poorly defined Muscle completely visible but perimysium poorly defined

5 Nerve completely visible and multiple fascicles identifiable Muscle completely visible and multiple perimysium identifiable

Abbreviation: AMM, adductor magnus muscle.
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Statistical Analysis

As a pilot study, the sample size was determined empirically based on previous literature, which suggested a range of 10—
40 participants.'® In this study, we recruited 26 patients. Categorical variables were reported as numbers and frequencies,
while continuous variables were reported as mean + standard deviation for normally distributed data, and as median and
interquartile range (IQR, 25th-75th) for non-normally distributed data. Statistical analysis was performed using SPSS
software (version 22.0, IBM Corporation, Armonk, NY, USA).

Results

In total, 27 patients were screened from February 2022 to October 2022 in this study. Among them, 1 patient refused to
participate. Finally, 26 patients received the AMM approach of SNB. The patient demographics and operation duration
are presented in Table 2.

Table 3 shows the SNB-related measurements, including the depth of the needle (7.1 + 0.9 cm), duration of the nerve
block procedure (10.6 + 1.7 min), visibility score of the sciatic nerve (2.3 £ 1.0), and image quality of the sciatic nerve.
The sciatic nerve image quality was poor in 8 out of the 26 patients (30.8%) with a visibility score of less than 2. The
AMM visibility score was 3.8 + 0.6, and the image quality was excellent for 22 out of the 26 patients (84.6%) with
a visibility score of 4 or higher. The onset time of the sciatic nerve sensory block was 5.4 + 1.9 min, and the onset time of
the sciatic nerve motor block was 8.7 £ 3.5 min. The duration of the sciatic nerve blockade was 17.6 + 3.0
h. Additionally, the number of needle passes (including deliberate needle tip withdrawal to the skin level or additional
skin punctures) was as follows: 19 with 0 passes, 6 with 1 pass, 1 with 2 passes, and 0 with 3 passes.

The muscle strength of the anterior tibialis and quadriceps femoris immediately after surgery were displayed in Table 4.
The muscle strength data at 4 h, 8 h, 12 h, 24 h, and 48 h after surgery were not reported, as all patients had anterior tibial
muscle strength > 3 points at 4 h after surgery. In the posterior area of the thigh, 24 patients (92.3%) experienced decreased

Table 2 Demographics and Operation Details

Variables Patients (n = 26)
Age, year 67.5%3.8

Sex [n (%)]

Male 4(15.0%)
Female 22(85.0%)
Height, cm 159.1+6.8
Weight, kg 71.347.1
Body mass index, kg/m? 28.242.8
Duration of operation, min 62.2+11.6

Notes: Continuous data are presented as the mean * SD or
median (interquartile range). Nominal data are presented as
numbers (percentages).

Table 3 SNB-Related Measurements

Variables Patients (n = 26)
Number of needle passes (0/1/2/3) 19/6/1/0
Depth of needle, cm 7.1£0.9
Duration of the nerve block procedure, min 10.6x1.7
Onset of sensory blockade, min 54%1.9
Onset of motor blockade, min 8.7£35
Duration of sensory block, hour 17.6£3.0
Visibility score of the sciatic nerve 2.3%1.0
Visibility score of the AMM 3.8+0.6

Note: Continuous data are presented as the mean + SD or median (interquar-
tile range).
Abbreviations: SNB, sciatic nerve block; AMM, adductor magnus muscle.
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Table 4 Postoperative Data

Patients (n = 26)

Muscle strength of anterior tibialis evaluated at

immediately after surgery [n (%)]

0-2 points 2(7.7%)
3 points 3(11.5%)
4 points 19(73.1%)
5 points 2(7.7%)

Muscle strength of quadriceps femoris evaluated at
immediately after surgery [n (%)]

0-2 points 6(23.1%)
3 points 10(38.5%)
4 points 10(38.5%)
5 points 0(0.0%)
Episodes of vomiting [n (%)] 1(3.8%)
Postoperative nausea [n (%)] 2(7.7%)

Note: Data are expressed as mean * SD or median (interquartile range).

skin sensation. During the first 24 h after surgery, two patients reported nausea and one patient had vomiting. Figure 4 shows
the postoperative pain scores. Among the patients, four (15.4%) required additional rescue analgesics during the first night
after surgery, while the others achieved a satisfactory analgesic effect without interfering with their sleep.

Discussion
In this pilot study, we aimed to investigate a novel approach SNB and applied AMM approach in patients undergoing
TKA. Local anesthetics were injected into the posterior intermuscular septum of the thigh under the posterior surface of
the AMM. Our results demonstrated that this AMM approach of SNB was effective in providing satisfactory sensory and
motor blocks in all study participants.

The first anterior SNB approach was described by Beck in 1963."" The introduction of ultrasound guidance allowed
for direct visualization of the sciatic nerve. However, the depth and anisotropy of the sciatic nerve can make it difficult to

visualize, it is still regarded as a time-consuming and advanced technique.®'*"?
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Figure 4 VAS scores at different time points postoperatively.
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Conventional two-dimensional ultrasound machines are limited in terms of the ability to distinguish the SN from the
surrounding tissue,'* which could affect the success rate and effect of the block procedure. In our study, the image quality
of the SN was poor in 8 of the 26 patients (30.8%, visibility score <2). Kim et al compared several different positions for
SN identification and reported that the anterior approach had an approximate visibility score of 2.5,* which is similar to
our results. Furthermore, Barrington et al reported that 37.5% of their patients had a poor or average image quality,"”
which is consistent with our results. Zhu et al reported that in 10 of their 26 patients (38.5%) who underwent the anterior
approach, the obtained image of the SN had poor quality (visibility score <2).'® Our new method uses two well-defined
ultrasonographic landmarks, the AMM and the femur, which can be obtained easily at the level of the upper middle thigh.
The AMM, which is attached to the femur, covers the sciatic nerve.'” In our study, the AMM image quality was excellent
for 22 of the 26 patients (84.6%).

With the poor image of the traditional method and the deep anatomical position of SN, the anterior SNB showed
a greater number of needle passes. For instance, Van Elstraete et al reported that the first attempt to locate the sciatic
nerve was successful in only 7 of 20 patients (35.0%),"® while Zhu et al reported that a satisfactory position was achieved
during the first attempt in only 8 of 26 patients (30.8%), and 8 of 26 patients (30.8%) required more than two attempts to
obtain a satisfactory position.'® In the present study, we obtained a satisfactory position during the first attempt in 19 of
26 patients (73.1%), and only one patient (3.8%) required three attempts to obtain a satisfactory position. The reason for
the repeated punctures in that patient might have been related to the age (over 70 yrs) or higher BMI (32 kg/m?).

A previous study reported a block onset time of 9.42 + 1.08 min using the anterior approach,'® while Yektas et al
reported a sensory block onset time of 12.88 + 4.87 min and a motor block onset time of 13.55 £ 4.75 min, also in
patients treated with the anterior approach.'® In our study, we observed that the sensory and motor block onset times were
54 £+ 1.9 min and 8.7 + 3.5 min, respectively, which were shorter compared to those reported in previous studies.
However, the differences in the definition of onset time across studies may have contributed to this finding. Specifically,
in our study, onset time was defined as the time from the administration of the local anesthetic to the initial onset of
sensory and motor changes, while in other studies, onset time was defined as the time from the administration of local
anesthetics to the patient’s complete absence of sensation or movement.

Previous studies have indicated that a sensory block in the posterior femoral cutaneous nerve, which runs parallel to
the SN in the gluteal region, was rarely achieved after the anterior approach (14.9%).%° In this observational study, we not
only observed successful SNB, but also found that administering the local anesthetic into the posterior intermuscular
septum of the thigh resulted in a higher proportion of successful posterior femoral cutaneous nerve block (92.3%).

In this study, we assessed the impact of our new SNB approach by measuring muscle strength immediately after
surgery and at various time points up to 48 hours postoperatively. Our findings demonstrate that the new approach does
not result in significant weakness in the anterior tibialis or gastrocnemius muscles. Specifically, more than 80% of
patients had a score of more than three points in the anterior tibialis muscle strength assessment immediately after
surgery, while more than 84% of patients had a score of more than three points in the gastrocnemius muscle strength
assessment. The favorable outcome observed in our study can be attributed to the precise location of the local anesthetic
injection, which reduces the risk of nerve damage. In our study, we minimized the risk of nerve injury by injecting the
local anesthetic into the fascial space surrounding the sciatic nerve. This approach allowed our patients to perform ankle
pump exercises immediately after the surgery, which is crucial for preventing the formation of venous thrombosis in the
lower limbs.?"*** Ropivacaine at low concentrations has been found to produce a sensory block but has no effect or
a limited effect on motor nerves, thus preserving muscle strength.”> > We used a lower concentration of ropivacaine
(0.25%) for SNB, which might be another reason why we observed a strong sensory block, but a weaker motor block.

Adequate pain relief after TKA is very important as it can promote postoperative rehabilitation,® which is essential
for a satisfactory outcome. Our data demonstrated that the new SNB method provided good postoperative pain relief at
rest or during movement. This was especially the case immediately after the operation, as well as 4 h and 8 h afterward.

27729 and was likely associated with the decreased demand for

This was consistent with the findings of a previous study,
postoperative analgesics in our patient group during the first 24 h after surgery.
The injection of local anesthetics under the fascia surrounding the posterior surface of the adductor magnus, as a part

of the posterior intermuscular septum of the thigh, is consistent with safety-driven initiatives®® to deposit local
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anesthetics between muscles, along anatomical fascial planes,®' or perivascularly rather than perineurally®? for a variety
of peripheral nerve block techniques. Our newly developed technique is distinguished by its ease of administration and
minimal impact on the muscle strength of the gastrocnemius and tibialis anterior. These attributes make it highly suitable
for the management of postoperative pain, particularly when maintaining ankle joint mobility is a priority.

Although our study provides promising results for the medial mid-thigh AMM approach for SNB, several limitations
need to be considered. First, the effect of a low concentration (0.25%) of ropivacaine was tested in this study. Future
studies should investigate the effect of higher concentrations of local anesthetics to determine the optimal dosage for this
new method. Additionally, the study had a higher proportion of female patients compared to male patients, and future
studies should balance the gender distribution. Moreover, our study included patients with a BMI > 25 kg/m?, and only
one patient with a BMI of 23 kg/m”. Thus, the effectiveness of our technique in patients with lower BMIs should be
further evaluated. Finally, randomized controlled trials are needed to compare the efficacy of the medial mid-thigh AMM
approach with other proximal approaches for SNB.

Conclusion

Overall, our findings suggest that the medial mid-thigh AMM approach for SNB is both accessible and dependable, with
promising implications for postoperative pain management in lower limb procedures such as total knee arthroplasty.
Nonetheless, the precise mechanisms underlying this novel technique warrant further investigation.
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