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Background: In recent years, the suprainguinal fascia iliaca compartment block (SFICB) 
has become more common in clinical practice. This assessor-blinded dose-finding study 
aimed to determine the minimum effective concentration (MEC90, MEC95) of bupiva-
caine for a single-injection SFICB in patients undergoing arthroscopic anterior cruciate 
ligament repair. 
Methods: This prospective study was conducted at a tertiary hospital (postoperative re-
covery room and ward). The SFICB was performed as a postsurgical intervention after 
spinal anesthesia. Seventy patients were allocated using the biased-coin design up-and-
down sequential method. The ultrasound-guided SFICB was performed using different 
bupivacaine concentrations, and standard multimodal analgesia was administered to all 
patients. Block success was defined as the absence of pain or presence of only tactile sensa-
tion during the pinprick test conducted on the anterior and lateral regions of the mid-
thigh six hours postoperatively. 
Results: According to isotonic regression and bootstrap CIs, the MEC90 value of bupiva-
caine for a successful SFICB was 0.123% (95% CI [0.098, 0.191]) and the MEC95 value 
was 0.188% (95% CI [0.113, 0.223]).
Conclusions: Our study showed that the MEC90 and MEC95 values for bupivacaine ad-
ministered via an SFICB for analgesia were 0.123% and 0.188%, respectively. One advan-
tage of using lower concentrations of bupivacaine is the associated reduction in quadriceps 
weakness. 

Keywords: Analgesia; Bupivacaine; Local anesthetics; Nerve block; Pain management; Re-
gional anesthesia.
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Introduction 

The fascia iliaca compartment (FIC) is a funnel-shaped adipose space between the 
epimysium of the iliopsoas muscle and the fascia iliaca, which covers the muscle but is 
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not attached to it [1]. The FIC contains the femoral (FN) and lat-
eral femoral cutaneous nerves (LFCN) but not the obturator 
nerve (ON) [2]. 

In 1989, Dalens et al. [3] were the first to describe a convention-
al infrainguinal fascia iliaca compartment block (FICB) for low-
er-limb orthopedic surgery. Despite earlier publications (3:1 
block), this approach has been shown to be incapable of blocking 
all nerves of the lumbar plexus [4–6]. 

Stevens et al. first described the suprainguinal fascia iliaca com-
partment block (SFICB) approach in 2007 [7] and in 2011, Heb-
bard et al. [8] were the first to define the longitudinal ultrasound 
(US)-guided SFICB in cadavers. Using this suprainguinal longitu-
dinal approach, studies have shown that the ON, FN, and LFCN 
can all be anesthetized when a large volume is injected under-
neath the fascia iliaca [9]. This approach has also proven to be su-
perior to the classic infrainguinal approach [4,10]. The SFICB 
may provide analgesia comparable to a lumbar plexus block in 
patients undergoing hip, femur, and upper thigh surgery, which 
explains why the authors refer to the SFICB as an “anterior lum-
bar plexus block” [8,9,11]. 

Some studies on the minimal effective volume (MEV) for the 
SFICB have also been performed, but none are available on the 
minimum effective concentration (MEC) of various local anes-
thetic agents [2,12,13]. For patient safety, particularly in patients 
who are elderly and frail, determining the lowest clinically signifi-
cant concentration that blocks the major nerves targeted by the 
SFICB is critical and may provide an advantage by minimizing 
block-induced complications such as muscle weakness, local an-
esthetic systemic toxicity, and myotoxicity. 

In this assessor-blinded dose-finding study, we aimed to detect 
the MEC90 and MEC95 of bupivacaine for a single-injection 
SFICB in patients undergoing arthroscopic anterior cruciate 
(ACL) ligament repair. 

Materials and Methods 

Study design 

In this study, we investigated the MEC of bupivacaine at a fixed 
volume of 40 ml that achieved 90% and 95% blockade success in a 
population of patients undergoing arthroscopic knee surgery. 

To achieve study homogeneity, all surgeries were performed by 
the same surgeon (LK) and the same anesthetist performed all 
blocks (ST). A designated participant prepared the predetermined 
concentration of bupivacaine. The concentration was concealed 
from the patient, anesthesiologist, surgeon, data collector, and 
evaluator (CG). 

This study was approved by the local ethics committee (OMU-
KAE:2021/630) and the Ministry of Health (TITCK:22-AKD-08). 
Following registration at clinicaltrials.gov (NCT05408585), the 
study was conducted between June 7, 2022 and February 27, 2023 
in accordance with the principles of the Declaration of Helsinki 
(2013), and all patients involved in the study provided written in-
formed consent. 

This study was prospectively conducted at a tertiary hospital 
(Samsun University Education and Research Hospital) and in-
cluded American Society of Anesthesiologists (ASA) Class I-II 
patients (aged 18–65 years) with a body mass index (BMI) be-
tween 19 and 30 kg/m2 scheduled for ACL repair under spinal an-
esthesia. Patients with contraindications for regional anesthesia 
(e.g., bleeding-coagulation disorders, infection at the injection 
site) were excluded, as were patients with neurological or psychi-
atric diseases that would impair pain assessment, orientation-co-
operation issues, or a history of allergy to local anesthetics. To ho-
mogenize the samples, cases with a surgical duration <  30 min or 
>  60 min were excluded from the analysis.  

Only the researcher responsible for randomization and drug 
preparation had access to the block success status of the patients 
during service follow-ups. The biased-coin design up-down se-
quential method (BCD-UDSM) was used, with the previous pa-
tient’s block success determining the bupivacaine concentration to 
be administered to the next patient. Based on previous studies, 
the initial concentration of bupivacaine was determined to be 
0.25% and the up-down concentration was 0.025% [14–16]. Ran-
domization was performed using the closed-envelope technique: 
one hundred sealed envelopes were placed in a pouch, 89 of 
which indicated that the bupivacaine concentration be maintained 
(89%) and 11 indicated the concentration be reduced (11%). Fol-
lowing a successful block, an envelope was drawn from the bag 
randomly to determine the following patient’s bupivacaine con-
centration, with an 11% probability (b =  0.11) it would be de-
creased by 0.025% and an 89% probability (1-b =  0.89) it would 
be maintained at the same concentration. If the block failed, the 
next patient was administered a 0.025% higher concentration of 
bupivacaine. The same probability was maintained for each pa-
tient, as the envelope that was drawn was returned to the bag after 
each drawing. 

Anesthesia and analgesia management 

All patients received standard monitoring (non-invasive arterial 
blood pressure, electrocardiography, and pulse oximetry) and 
none received any premedications. All patients received spinal an-
esthesia with 12–15 mg of heavy bupivacaine (2.4–3.0 ml) without 
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an adjuvant via a midline approach at the L4–L5 interval. All ar-
throscopic ACL repair surgeries were performed by a single ex-
pert surgeon using the same surgical approach. 

All patients underwent standard preoperative, perioperative, 
and postoperative analgesia protocols. At the conclusion of sur-
gery, each patient received 20 mg intravenous (IV) tenoxicam and 
1 g IV acetaminophen. The postoperative analgesia regimen con-
sisted of IV tenoxicam every 12 h and IV paracetamol every 8 h. 

Block performance 

Since we excluded long- and short-term surgeries (<  30 min, >  
60 min) and could not predict the complications that may develop 
during the operation, the block procedures were performed post-
operatively under standard ASA monitoring in the post-anesthe-
sia care unit (PACU). All blocks were performed by an experi-
enced anesthesiologist who had successfully completed the proce-
dure (SFICB) at least 100 times previously. 

The patients were placed in the supine position after skin disin-
fection and draping, and a high-frequency linear US transducer 
(10–18 MHz, Esoate MyLabTM30Gold) was placed longitudinally 
at the level of the anterior superior iliac spine. The iliacus muscle 
and the overlying hyperechoic fascia iliaca were visualized by 
shifting the US probe in the caudal and medial directions. The US 
transducer was positioned slightly obliquely superomedially and 
inferolaterally and the internal oblique (cephalad) and the sartori-
us (caudad) muscles overlying the iliacus muscle were visualized, 
yielding a “bow-tie sign” image. The deep circumflex iliac artery, 
which is an important ultrasonographic landmark, was identified. 
In this position, an 80-mm block needle (Vygon Echoplex, 85 

mm, 21 G) was advanced from the transducer’s caudal side using 
the in-plane technique, and 0.5 ml of the prepared local anesthetic 
solution was administered between the fascia iliaca and iliacus 
muscle with real-time US guidance (Fig. 1). The injection site was 
confirmed on US imaging. All patients then received a 40-ml lo-
cal anesthetic injection at a predetermined concentration. Patients 
were monitored in the PACU for 20 min after the block and then 
transferred to the ward. 

Patient follow-up 

A blinded anesthetist conducted patient follow-ups in the ward. 
This anesthetist was not involved in any aspect of determining the 
bupivacaine concentration for the block, the preparation or ad-
ministration of the block, or the surgical procedure. The exclusive 
role of the anesthetist was limited to conducting postoperative 
service follow-ups at 6, 12, 18, and 24 h postoperatively. Similar to 
the study conducted by Aliste et al. [14], our first patient fol-
low-up was planned to be performed 6 h postoperatively to en-
sure that spinal anesthesia had worn off and to evaluate the pa-
tient for quadriceps weakness, which can develop due to the 
block. Moreover, the cutaneous and motor functions of the con-
tralateral thigh were examined and compared 6 h postoperatively 
to confirm that quadriceps weakness was not due to spinal anes-
thesia. During patient visits at 6, 12, 18, and 24 h postoperatively, 
pain was assessed using the Numeric Rating Scale (NRS). Addi-
tionally, nurses assessed pain during the hourly patient follow-ups 
in the ward. At these intervals, block success was evaluated using 
the pinprick score, pain intensity using the NRS, and quadriceps 
muscle weakness using the Bromage score. Patients with an NRS 

Fig. 1. (A, B) Relevant sonoanatomy for ultrasound-guided suprainguinal fascia iliaca compartment block (SFICB). (A) Natural ultrasound image 
of the SFICB. (B) Sonoanatomy of the muscles and fascia during an SFICB. The dashed white line represents the fascia iliaca, and the black arrow 
indicates the deep circumflex iliac artery. SC: subcutaneous tissue, SM: sartorius muscle, IOM: internal oblique muscle, IM: iliacus muscle, IB: iliac 
bone, LA: local anesthetic.
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score ≥  4 received 50 mg of IV tramadol as a rescue analgesic. 
To examine sensory block, the pinprick test was conducted us-

ing a 27-gauge hypodermic needle (0 =  no sensory block; 1 =  tac-
tile sense present, no pain; 2 =  no tactile sense, no pain). The mid-
thigh was assessed separately in three quadrants: the anterior, lat-
eral, and medial. Blockage of the FN, LFCN, and ON was recorded 
separately. The pinprick test conducted 6 h postoperatively was 
used to determine block success: the block was considered “suc-
cessful” if the pinprick score was 1 or 2 in the anterior and lateral 
parts of the mid-thigh and unsuccessful or “failed” if the pinprick 
score was 0 in the anterior or lateral parts of the mid-thigh. The 
medial aspect of the thigh was evaluated and the results were doc-
umented; however, these findings were not used to determine 
block success. The Bromage score was used to assess the motor 
weakness of the quadriceps muscle (0 =  full flexion of feet and 
knees, 1 =  only able to move knees, 2 =  only able to move feet, 
and 3 =  unable to move feet or knees). A Bromage score of 2–3 at 
6 h postoperatively was classified as “quadriceps muscle weakness.” 

Outcome measurements 

The primary outcome of the study was block success as this was 
used to determine the bupivacaine concentration administered to 
the subsequent patient (BCD-UDSM). The secondary outcomes 
included quadriceps muscle weakness, NRS scores, total number 
of analgesics required in 24 h, opioid-related side effects (nausea/
vomiting), and block-related complications (vascular puncture, 
hematoma, local anesthetic toxicity, etc.). 

Statistical analysis 

This dose-finding study aimed to estimate the MEC90 and 
MEC95 for the US-guided SFICB. Based on the up-and-down se-
quential method described by Dixon [15,16], the first patient re-
ceived bupivacaine at a concentration of 0.25%. The sample size 
for our study was dynamically determined using the BCD-
UDSM, targeting a minimum of 48 successful blocks based on the 
dose-block success ratio observed in our previous cases. To ac-
commodate for potential losses and setbacks during follow-up, we 
increased the sample size by 30%, aiming for 63 successful blocks. 
This approach aligns with recommendations in the literature and 
our clinical experience, ensuring a robust study while meeting the 
ethical requirements for maximum patient enrollment [15]. In 
comparable studies using the biased-coin model, sample size 
ranges between 50 and 70 were used [17–20]. 

Analyses were performed using R version 4.2.2 (R Foundation 
for Statistical Computing). Patient characteristics and results were 

reported using descriptive tests. The MEC90 and MEC95 were 
calculated using isotonic regression (upndown package, version 
0.1.0). To calculate the 95% CI, the data frame was bootstrapped 
2000 times (boot package, version 1.3-28.1). A P value <  0.05 was 
considered statistically significant.  

Results 

Seventy participants were recruited and assigned to the study 
groups (Fig. 2). The demographic characteristics of the patients 
are delineated in Table 1. 

According to isotonic regression and bootstrap CIs, the MEC90 
and MEC95 values of bupivacaine for a successful SFICB were 
0.123 (95% CI [0.098, 0.191]) and 0.188 (95% CI [0.113, 0.223]), 
respectively. Of the total 70 blocks performed, 63 were successful 
and seven were unsuccessful. Additionally, sensory loss was ob-
served in 36 patients, demonstrating the efficacy of the ON block. 
Table 2 shows the proportion of patients that exhibited successful 
blocks along with observed ON block efficacy according to the bu-
pivacaine concentration. The number of failed blocks according to 
bupivacaine concentration was as follows: one patient at 0.225%, 
one patient at 0.15%, one patient at 0.125%, one patient at 0.1%, 
and three patients at 0.075%. Five of the failed blocks were con-
ducted on males and two were conducted on females. Fig. 3 de-
picts all the blocks applied in the study and their success statuses. 

Motor weakness was noted in 48 patients at 6 h postoperatively. 
In 33 of these patients, motor weakness resolved in subsequent 
follow-ups but persisted for up to 24 h in the remaining 15 pa-
tients. In the first 9 h of follow-up, all patients reported NRS 
scores <  4. After 9 h postoperatively, 9 patients reported an NRS 
score of 4. After the administration of rescue analgesics, the NRS 
score decreased to <  4 in all patients. NRS scores according to the 
bupivacaine concentration are presented in Table 3. No patient re-
ceived more than one rescue analgesic during the first 24 h post-
operatively, and all patients who required rescue analgesics did so 
at 9 h postoperatively or later. Table 2 shows the number of pa-
tients who required rescue analgesia according to the bupivacaine 
concentration. None of the patients experienced nausea or vomit-
ing. No complications related to the spinal anesthesia or SFICB 
occurred in the PACU or in the ward up to 24 h postoperatively. 
Table 2 shows the number of successful and unsuccessful blocks; 
observed response rate; and the number of patients with success-
ful ON blocks, quadriceps weakness, and requiring rescue analge-
sics according to the bupivacaine concentration. 
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Fig. 2. Flowchart of the study.

Table 1. Patient Demographics
Characteristic
Age (yr) 30.8 ±  9.5 29 (23, 36)
Height (cm) 173.9 ±  5.7 175 (172, 178)
Weight (kg) 78.2 ±  5.9 79 (74, 82)
BMI (kg/m2) 25.8 ±  1.9 25.8 (24.7, 27.3)
Surgical duration (min) 48.4 ±  4.3 47 (46, 52)
Sex (F/M) 10/60
Values are presented as mean ± SD, median (Q1, Q3) or number of 
patients. BMI: body mass index.

Discussion 

Our study revealed that the MEC90 and the MEC95 values of 

Assessed for eligibility (n = 70) Enrollment

Completed the trial (n = 70)

Success?

Success?

Yes No

Yes (n = 63) No (n = 7)

Lost to follow-up (n = 0)

Analysed (n = 70)
Excluded from analysis (n = 0)

Excluded (n = 0)
• Declined to participate (n = 0) 
• Other reasons (n = 0)

First case received 0.25% concentration of bupivacaine (n = 1)

Allocation

Follow-up

Analysis

Allocated to intervention (n = 49) 
• �Received the same concentration as 

the previous patient (n = 49)

Allocated to intervention (n = 13) 
• �Received less 0.025% bupivacaine 

concentration then the previous 
patient (n = 13)

Received 0.025% more bupivacaine 
concentration (n = 7)

bupivacaine for the SFICB in arthroscopic knee surgeries was 
0.123% and 0.188%, respectively. The incidence of SFICB-related 
motor weakness appears to be higher at relatively high bupiva-
caine concentrations. 

Postoperative pain varies in intensity and duration based on 
factors such as surgical type, individual pain tolerance, and effica-
cy of pain management. Adequate perioperative pain manage-
ment is crucial because poorly managed pain can prolong recov-
ery, increase complications, and impact the overall patient experi-
ence. Consequently, a comprehensive approach to postoperative 
pain management should be adopted that incorporates both 
pharmacological and non-pharmacological interventions. In this 
study, a MEC analysis of the SFICB was conducted. 

Studies on the MEC and MEV in relation to regional anesthesia 
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Fig. 3. The up-and-down sequence. The black dots represent successful blocks and the white dots represent unsuccessful blocks with varying 
concentrations of bupivacaine. The horizontal lines represent the calculated minimum effective bupivacaine concentrations. MEC: minimum 
effective concentration.

Table 2. Observed Response Rates
Bupivacaine 
concentration Total blocks Successful blocks 

(response rate)
Patients with obtu-
rator nerve block

Patients requiring 
rescue analgesia

Quadriceps muscle 
weakness at 6 h

Quadriceps muscle 
weakness at 24 h

0.25% 7 7 (100) 2 2 7 (100) 0 (0)
0.225% 8 7 (87) 3 - 7 (87) 3 (42)
0.2% 6 6 (100) 2 - 6 (100) 5 (83)
0.175% 9 9 (100) 7 1 9 (100) 5 (55)
0.15% 11 10 (90) 8 1 10 (90) 2 (20)
0.125% 11 10 (90) 8 - 8 (72) 0 (0)
0.1% 12 11 (91) 3 2 1 (8) 0 (0)
0.075% 6 3 (50) 3 3 0 (0) 0 (0)
Values are presented as number or number (%).

Table 3. Pain Scores according to Bupivacaine Concentrations

Bupivacaine concentration Total blocks
NRS

6 h 12 h 18 h 24 h
0.25% 7 2 (1.5, 2) 2 (2, 2) 2 (2, 3.5) 2 (1, 2)
0.225% 8 2 (2, 2) 2 (1.7, 2) 2 (1, 2) 1 (1, 1)
0.20% 6 2 (2, 2) 2 (1.2, 2) 2 (1, 2) 1 (1, 1.7)
0.175% 9 2 (2, 3) 2 (2, 3) 2 (2, 2) 2 (1, 2)
0.15% 11 2 (1, 3) 3 (2, 3) 2 (1.5, 2) 1 (1, 2)
0.125% 11 2 (2, 3) 2 (1.5, 2) 2 (1, 2) 1 (1, 2)
0.10% 12 2 (2, 2.25) 2 (2, 3) 2 (2, 3) 1 (1, 2)
0.075% 6 2 (1.2, 2.7) 3 (2.25, 3) 3 (2, 3.7) 1 (1, 1)
Values are presented as number or median (Q1, Q3). NRS: Numerical Rating Scale.

techniques have focused primarily on peripheral nerve blocks 
[21,22]. As the number of fascial plane blocks performed in clini-
cal practice has increased in recent years, various studies on the 
MEC and MEV have also been conducted. Similar to other plane 

and sheath blocks, the volume and concentration of the injected 
local anesthetic are crucial for the success of the SFICB, for which 
the local anesthetic is injected between the fascia iliaca and iliacus 
muscle. Nevertheless, when a high volume of local anesthetic is 
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required, caution is advised to avoid local anesthetic systemic tox-
icity, particularly in elderly and frail patients. 

Bupivacaine is a potent local anesthetic commonly used for re-
gional anesthesia and pain management. It belongs to the amide 
class of local anesthetics and is known for its long duration of ac-
tion, making it suitable for various medical procedures. However, 
excessive systemic absorption or accidental intravascular injec-
tions can lead to bupivacaine toxicity, affecting the central ner-
vous and cardiovascular systems. Symptoms include dizziness, 
confusion, seizures, and, in severe cases, cardiac arrhythmias or 
cardiac arrest. 

Comparative studies evaluate the effects of different predeter-
mined volumes and concentrations. Gül et al. [23] compared 
three different volumes of bupivacaine (0.3 ml/kg, 0.4 ml/kg, 0.5 
ml/kg) with a fixed 0.25% bupivacaine concentration with the 
FICB and found that 0.5 ml/kg provides more effective analgesia. 

The literature includes MEV studies on cadavers and patients 
undergoing the SFICB [2,12,13,20]. For example, Zhang et al. [20] 
determined that the MEV95 of ropivacaine was 34.6 ml for the 
SFICB. In a cadaveric study, Kantakam et al. [12] found that the 
MEV90 value required for the diffusion of the dye to the FN, 
LFCN, and ON was 62.5 ml. In a similar study, Vermeylen et al. 
[2] reported that the volume of local anesthetic that could reach 
the FN, LFCN, and ON was 40 ml. The different values of MEV90 
reported in the cadaveric study can be attributed to the lack of 
passive muscle movements in cadavers, the freshness of the ca-
davers, and the effects of these factors on the spread of the dye 
[24]. This is an important limitation of human cadaver studies. To 
our knowledge, this is the first MEC investigation of bupivacaine 
for the SFICB. 

While the local anesthetic is likely to reach the FN and LFCN 
with the SFICB, involvement of the ON remains unclear. Al-
though involvement of the ON is possible, numerous hypotheses 
currently exist regarding its “mechanism of action.” The most 
widely accepted mechanism is the involvement of the ON through 
cranial spread of the local anesthetic [9]. Another mechanism 
could be the migration of the local anesthetic from the fascia ilia-
ca to the retroperitoneum, close to the iliac vessels and ON [12]. 
The possible effect of biodynamics due to the passive muscle mo-
bilization on the distribution of local anesthetics itself might also 
be important. 

The most significant disadvantage of most regional anesthesia 
techniques used in lower extremity surgical procedures is that 
they may lead to motor block [25]. Carella et al. [26] performed 
the SFICB on patients undergoing hip surgery and evaluated their 
walking performance on the first and second postoperative days. 
In this study, the SIFCB had positive results regarding postopera-

tive functional recovery, both in terms of walking performance 
and incidence of orthostatic intolerance, as well as opioid-sparing 
effects and reduced opioid-related side effects. The effectiveness 
of the SFICB has also been investigated in different age groups 
and has been reported to provide an opioid-sparing effect in hip 
surgery in elderly and fragile patients [27]. 

The motor-sparing effect is one of the most influential factors 
in current studies on patients undergoing knee surgery [28]. 
Quadriceps muscle weakness may develop even after a single-shot 
adductor canal blockade if the local anesthetic dose is increased 
[29]. Therefore, researchers are continually searching for new 
techniques that preserve motor function while providing effective 
postoperative analgesia. The 4-in-1 block, modified 4-in-1 block, 
infiltration between the popliteal artery and capsule of the knee 
block, and adductor canal block could be included in the newer 
motor-sparing peripheral nerve block techniques for analgesia af-
ter total knee arthroplasty [28,30,31]. In our study, we found that 
the motor blockage was lower with a lower concentration of bupi-
vacaine, and therefore, the SFICB could be used as an alternative 
to motor-sparing analgesia in patients undergoing knee surgery. 

A local anesthetic injected into the fascia iliaca can similarly 
reach the FN with the SFICB, resulting in motor block. We as-
sessed quadriceps muscle strength at 6 h postoperatively using the 
Bromage score and discovered that the incidence of motor block 
decreased as the local anesthetic concentration decreased (Table 
2). The incidence of quadriceps weakness was 23% on average, es-
pecially when a bupivacaine concentration <  0.15% was adminis-
tered. Most studies have evaluated quadriceps muscle weakness 
after various regional anesthesia techniques, aiming to identify 
the most appropriate technique for providing adequate analgesia 
while preserving motor function. For instance, in a study con-
ducted by Vamshi et al. [32] designed to compare quadriceps 
weakness in patients undergoing total hip arthroplasty, the peri-
capsular nerve group (PENG) block and the SFICB were each ap-
plied to 30 patients. Similar to our study, the authors assessed 
quadriceps  

weakness at 6 h postoperatively; however, they used a local an-
esthetic mixture consisting of 30 ml 0.25% bupivacaine with 1 µg/
kg clonidine for the SFICB procedure. They found that five pa-
tients in the SFICB group and none in the PENG group had 
quadriceps weakness and thus reported that the PENG block re-
sulted in less quadriceps weakness than the SFICB. In our study, 
varying bupivacaine concentrations were administered at a fixed 
volume of 40 ml. The relatively higher incidence of quadriceps 
muscle weakness observed in our study could thus be attributed 
to this higher volume. Consequently, if the SFICB is administered 
for perioperative analgesia, a lower bupivacaine concentration is 
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likely advantageous, particularly if early rehabilitation is crucial. 
At bupivacaine concentrations ≤  0.10%, quadriceps weakness 
was negligible or nearly nonexistent. 

Our study underscores the vital role of postoperative mobiliza-
tion in patient care, which is consistent with the existing literature, 
and emphasizes the potential benefits, including the mitigation of 
complications, such as deep vein thrombosis and pulmonary em-
bolism. Furthermore, our findings highlight the positive impact 
of early ambulation on musculoskeletal factors, emphasizing its 
crucial role in preventing postoperative muscle atrophy and joint 
stiffness post-surgery [33]. The ongoing search for regional anes-
thesia techniques that enable early patient mobilization while en-
suring effective perioperative pain management is critical. Re-
search into the concentration and volume of relevant regional 
techniques are a notable focus of these investigations. 

This study had several limitations. First, we were unable to re-
cord the onset time of analgesia because the patients received the 
block whilst under the effect of spinal anesthesia, and we were 
also unable to determine the block duration because we did not 
observe the patients for more than 24 h. Levente et al. [34] report-
ed that the median duration of a conventional fascia iliaca block 
with 40 ml of 0.5% ropivacaine is 48 h and can be prolonged by 
increasing the volume and concentration of the local anesthetic. 
However, caution is advised to not exceed the limits for local an-
esthetic systemic toxicity when using high volumes and concen-
trations [35]. This is particularly crucial for the elderly and fragile 
patients. Second, we used the pinprick test to evaluate block suc-
cess even though the use of the pinprick test for sensory testing is 
controversial. In similar studies using the pinprick test for cutane-
ous testing among patients and healthy volunteers for an erector 
spinae plane block, the authors reported highly variable results 
[36,37]. In addition, evaluating block success using the pinprick 
test after ON block application is controversial. Bouaziz et al. [38] 
performed a selective ON block with 7 ml of 0.75% ropivacaine in 
patients scheduled for knee surgery and stated that cutaneous ex-
amination alone was insufficient to determine block success and 
that the adductor muscle tension should also be evaluated. Third, 
to assess motor block, more objective and non-biased data can be 
obtained using techniques such as dynamometry to measure 
quadriceps muscle strength [39,40]. 

This study demonstrated that the MEC90 and MEC95 of bupi-
vacaine for the SFICB in arthroscopic knee surgeries were 0.123% 
and 0.188%, respectively. Reduced motor blockade is an advan-
tage of using a lower concentration of bupivacaine. Further re-
search is needed to determine the efficacy of the SFICB using 
varying concentrations and various local anesthetic agents. 

Funding 

None. 

Conflicts of Interest 

No potential conflict of interest relevant to this article was re-
ported. 

Data Availability 

The datasets generated during and/or analyzed during the cur-
rent study are available from the corresponding author on reason-
able request. 

Author Contributions  

Caner Genc (Data curation; Project administration; Visualization; 
Writing – original draft; Writing – review & editing) 
Serkan Tulgar (Investigation; Methodology; Writing – original 
draft; Writing – review & editing) 
Murat Unal (Investigation; Methodology) 
Ahmet Serhat Genc (Investigation; Methodology) 
Lokman Kehribar (Investigation; Methodology) 
Basar Erdivanli (Software; Validation; Visualization; Writing – 
original draft) 
Kris Vermeylen (Writing – original draft; Writing – review & ed-
iting) 
Ersin Koksal (Data curation; Formal analysis; Investigation; Meth-
odology; Writing – original draft; Writing – review & editing) 

ORCID 

Caner Genc, https://orcid.org/0000-0002-2987-6909 
Serkan Tulgar, https://orcid.org/0000-0003-1996-7505
Murat Unal, https://orcid.org/0000-0003-4011-606X
Ahmet Serhat Genc, https://orcid.org/0000-0003-3117-2449
Lokman Kehribar, https://orcid.org/0000-0001-9799-8839
Basar Erdivanli, https://orcid.org/0000-0002-3955-8242
Kris Vermeylen, https://orcid.org/0000-0002-5417-7130
Ersin Koksal, https://orcid.org/0000-0003-1780-151X

References 

1.	Xu Z, Mei B, Liu M, Tu L, Zhang H, Zhang M. Fibrous configu-
ration of the fascia iliaca compartment: an epoxy sheet plastina-
tion and confocal microscopy study. Sci Rep 2020; 10: 1548.

371https://doi.org/10.4097/kja.23710

Korean J Anesthesiol 2024;77(3):364-373

https://doi.org/10.1038/s41598-020-58519-0
https://doi.org/10.1038/s41598-020-58519-0
https://doi.org/10.1038/s41598-020-58519-0
https://doi.org/10.4097/kja.23710


2.	Vermeylen K, Soetens F, Leunen I, Hadzic A, Van Boxtael S, 
Pomés J, et al. The effect of the volume of supra-inguinal injected 
solution on the spread of the injectate under the fascia iliaca: a 
preliminary study. J Anesth 2018; 32: 908-13.

3.	Dalens B, Vanneuville G, Tanguy A. Comparison of the fascia il-
iaca compartment block with the 3-in-1 block in children. 
Anesth Analg 1989; 69: 705-13. Erratum in: Anesth Analg 1990; 
70: 474.

4.	Kumar K, Pandey RK, Bhalla AP, Kashyap L, Garg R, Darlong V, 
et al. Comparison of conventional infrainguinal versus modified 
proximal suprainguinal approach of fascia iliaca compartment 
block for postoperative analgesia in total hip arthroplasty. A pro-
spective randomized study. Acta Anaesthesiol Belg 2015; 66: 95-
100.

5.	Wallace JB, Andrade JA, Christensen JP, Osborne LA, Pellegrini 
JE. Comparison of fascia iliaca compartment block and 3-in-1 
block in adults undergoing knee arthroscopy and meniscal re-
pair. AANA J 2012; 80(4 Suppl): S37-44.

6.	Moore CL. Time to abandon the term “3 in 1” block. Ann 
Emerg Med 2015; 66: 215.

7.	Stevens M, Harrison G, McGrail M. A modified fascia iliaca 
compartment block has significant morphine-sparing effect af-
ter total hip arthroplasty. Anaesth Intensive Care 2007; 35: 949-
52. 

8.	Hebbard P, Ivanusic J, Sha S. Ultrasound-guided supra-inguinal 
fascia iliaca block: a cadaveric evaluation of a novel approach. 
Anaesthesia 2011; 66: 300-5.

9.	Vermeylen K, Desmet M, Leunen I, Soetens F, Neyrinck A, Ca-
rens D, et al. Supra-inguinal injection for fascia iliaca compart-
ment block results in more consistent spread towards the lumbar 
plexus than an infra-inguinal injection: a volunteer study. Reg 
Anesth Pain Med 2019. Advance Access published on Feb 22, 
2022. doi: 10.1136/rapm-2018-100092.

10.	 Desmet M, Balocco AL, Van Belleghem V. Fascia iliaca compart-
ment blocks: different techniques and review of the literature. 
Best Pract Res Clin Anaesthesiol 2019; 33: 57-66.

11.	 DeLong L, Krishna S, Roth C, Veneziano G, Arce Villalobos M, 
Klingele K, et al. Short communication: lumbar plexus block 
versus suprainguinal fascia iliaca block to provide analgesia fol-
lowing hip and femur surgery in pediatric-aged patients - an 
analysis of a case series. Local Reg Anesth 2021; 14: 139-44.

12.	 Kantakam P, Maikong N, Sinthubua A, Mahakkanukrauh P, 
Tran Q, Leurcharusmee P. Cadaveric investigation of the mini-
mum effective volume for ultrasound-guided suprainguinal fas-
cia iliaca block. Reg Anesth Pain Med 2021; 46: 757-62.

13.	 Yamada K, Inomata S, Saito S. Minimum effective volume of 
ropivacaine for ultrasound-guided supra-inguinal fascia iliaca 

compartment block. Sci Rep 2020; 10: 21859. 
14.	 Aliste J, Layera S, Bravo D, Jara Á, Muñoz G, Barrientos C, et al. 

Randomized comparison between pericapsular nerve group 
(PENG) block and suprainguinal fascia iliaca block for total hip 
arthroplasty. Reg Anesth Pain Med 2021; 46: 874-8.

15.	 Pace NL, Stylianou MP. Advances in and limitations of up-and-
down methodology: a précis of clinical use, study design, and 
dose estimation in anesthesia research. Anesthesiology 2007; 
107: 144-52.

16.	 Dixon WJ. Staircase bioassay: the up-and-down method. Neu-
rosci Biobehav Rev 1991; 15: 47-50.

17.	 Cao R, Li X, Yang J, Deng L, Cui Y. The minimum effective con-
centration (MEC90) of ropivacaine for ultrasound-guided qua-
dratus lumborum block for analgesia after cesarean delivery: a 
dose finding study. BMC Anesthesiol 2022; 22: 410.

18.	 Stylianou M, Proschan M, Flournoy N. Estimating the probabil-
ity of toxicity at the target dose following an up-and-down de-
sign. Stat Med 2003; 22: 535-43.

19.	 Ivanova A, Montazer-Haghighi A, Mohanty SG, Durham SD. 
Improved up-and-down designs for phase I trials. Stat Med 
2003; 22: 69-82.

20.	 Zhang C, Dai W, He K. 95% effective volume of ropivacaine for 
ultrasound‑guided supra‑inguinal fascia iliaca compartment 
block. BMC Anesthesiol 2023; 23: 98.

21.	 Gao W, Chen Y, Wang W, Li S, Bai L, Wang H, et al. The 90% 
minimum effective volume and concentration of ropivacaine for 
ultrasound-guided median nerve block in children aged 1-3 
years: a biased-coin design up-and-down sequential allocation 
trial. J Clin Anesth 2022; 79: 110754.

22.	 Kavakli AS, Kavrut Ozturk N, Arslan U. Minimum effective vol-
ume of bupivacaine 0.5% for ultrasound-guided retroclavicular 
approach to infraclavicular brachial plexus block. Braz J Anes-
thesiol 2019; 69: 253-8. 

23.	 Gül R, Kılınç M, Şahin L. A comparison of different volumes of 
bupivacaine used in fascia iliaca compartment block introduc-
tion. Ulus Travma Acil Cerrahi Derg 2023; 29: 337-43. 

24.	 Vermeylen K, Van Aken D, Versyck B, Roos J, Bracke P, Leunen 
I, et al. The effect of passive muscle mobilization on the distribu-
tion of local anesthetics after supra-inguinal fascia iliaca com-
partment block, a pilot case study. J Clin Anesth 2021; 68: 
110100. 

25.	 Tran DQ, Salinas FV, Benzon HT, Neal JM. Lower extremity re-
gional anesthesia: essentials of our current understanding. Reg 
Anesth Pain Med 2019; 44: 143-80.

26.	 Carella M, Beck F, Piette N, Denys S, Kurth W, Lecoq JP, et al. 
Effect of suprainguinal fascia iliaca compartment block on post-
operative opioid consumption and functional recovery in pos-

https://doi.org/10.4097/kja.23710372

Genc et al. · MEC90 of bupivacaine for SFICB

https://doi.org/10.1007/s00540-018-2558-9
https://doi.org/10.1007/s00540-018-2558-9
https://doi.org/10.1007/s00540-018-2558-9
https://doi.org/10.1007/s00540-018-2558-9
https://pubmed.ncbi.nlm.nih.gov/2589650/
https://pubmed.ncbi.nlm.nih.gov/2589650/
https://pubmed.ncbi.nlm.nih.gov/2589650/
https://pubmed.ncbi.nlm.nih.gov/2589650/
http://www.ncbi.nlm.nih.gov/pubmed/26767235
http://www.ncbi.nlm.nih.gov/pubmed/26767235
http://www.ncbi.nlm.nih.gov/pubmed/26767235
http://www.ncbi.nlm.nih.gov/pubmed/26767235
http://www.ncbi.nlm.nih.gov/pubmed/26767235
http://www.ncbi.nlm.nih.gov/pubmed/26767235
https://pubmed.ncbi.nlm.nih.gov/23248829/
https://pubmed.ncbi.nlm.nih.gov/23248829/
https://pubmed.ncbi.nlm.nih.gov/23248829/
https://pubmed.ncbi.nlm.nih.gov/23248829/
https://pubmed.ncbi.nlm.nih.gov/26208737/
https://pubmed.ncbi.nlm.nih.gov/26208737/
https://doi.org/10.1177/0310057x0703500615
https://doi.org/10.1177/0310057x0703500615
https://doi.org/10.1177/0310057x0703500615
https://doi.org/10.1177/0310057x0703500615
https://doi.org/10.1111/j.1365-2044.2011.06628.x
https://doi.org/10.1111/j.1365-2044.2011.06628.x
https://doi.org/10.1111/j.1365-2044.2011.06628.x
https://doi.org/10.1136/rapm-2018-100092
https://doi.org/10.1136/rapm-2018-100092
https://doi.org/10.1136/rapm-2018-100092
https://doi.org/10.1136/rapm-2018-100092
https://doi.org/10.1136/rapm-2018-100092
https://doi.org/10.1136/rapm-2018-100092
https://doi.org/10.1016/j.bpa.2019.03.004
https://doi.org/10.1016/j.bpa.2019.03.004
https://doi.org/10.1016/j.bpa.2019.03.004
https://doi.org/10.2147/lra.s334561
https://doi.org/10.2147/lra.s334561
https://doi.org/10.2147/lra.s334561
https://doi.org/10.2147/lra.s334561
https://doi.org/10.2147/lra.s334561
https://doi.org/10.1136/rapm-2021-102563
https://doi.org/10.1136/rapm-2021-102563
https://doi.org/10.1136/rapm-2021-102563
https://doi.org/10.1136/rapm-2021-102563
https://doi.org/10.1038/s41598-020-79059-7
https://doi.org/10.1038/s41598-020-79059-7
https://doi.org/10.1038/s41598-020-79059-7
https://doi.org/10.1136/rapm-2021-102997
https://doi.org/10.1136/rapm-2021-102997
https://doi.org/10.1136/rapm-2021-102997
https://doi.org/10.1136/rapm-2021-102997
https://doi.org/10.1097/01.anes.0000267514.42592.2a
https://doi.org/10.1097/01.anes.0000267514.42592.2a
https://doi.org/10.1097/01.anes.0000267514.42592.2a
https://doi.org/10.1097/01.anes.0000267514.42592.2a
https://doi.org/10.1016/s0149-7634(05)80090-9
https://doi.org/10.1016/s0149-7634(05)80090-9
https://doi.org/10.1186/s12871-022-01954-5
https://doi.org/10.1186/s12871-022-01954-5
https://doi.org/10.1186/s12871-022-01954-5
https://doi.org/10.1186/s12871-022-01954-5
https://doi.org/10.1002/sim.1351
https://doi.org/10.1002/sim.1351
https://doi.org/10.1002/sim.1351
https://doi.org/10.1002/sim.1336
https://doi.org/10.1002/sim.1336
https://doi.org/10.1002/sim.1336
https://doi.org/10.1186/s12871-023-02049-5
https://doi.org/10.1186/s12871-023-02049-5
https://doi.org/10.1186/s12871-023-02049-5
https://doi.org/10.1016/j.jclinane.2022.110754
https://doi.org/10.1016/j.jclinane.2022.110754
https://doi.org/10.1016/j.jclinane.2022.110754
https://doi.org/10.1016/j.jclinane.2022.110754
https://doi.org/10.1016/j.jclinane.2022.110754
https://doi.org/10.1016/j.bjane.2018.12.011
https://doi.org/10.1016/j.bjane.2018.12.011
https://doi.org/10.1016/j.bjane.2018.12.011
https://doi.org/10.1016/j.bjane.2018.12.011
https://doi.org/10.14744/tjtes.2023.51268
https://doi.org/10.14744/tjtes.2023.51268
https://doi.org/10.14744/tjtes.2023.51268
https://doi.org/10.1016/j.jclinane.2020.110100
https://doi.org/10.1016/j.jclinane.2020.110100
https://doi.org/10.1016/j.jclinane.2020.110100
https://doi.org/10.1016/j.jclinane.2020.110100
https://doi.org/10.1016/j.jclinane.2020.110100
https://pubmed.ncbi.nlm.nih.gov/30635506/
https://pubmed.ncbi.nlm.nih.gov/30635506/
https://pubmed.ncbi.nlm.nih.gov/30635506/
https://pubmed.ncbi.nlm.nih.gov/35705263/
https://pubmed.ncbi.nlm.nih.gov/35705263/
https://pubmed.ncbi.nlm.nih.gov/35705263/
https://doi.org/10.4097/kja.23710


terolateral-approached total hip arthroplasty: a single-blind ran-
domized controlled trial. Reg Anesth Pain Med 2022; 47: 547-
53.

27.	 Bali C, Ozmete O. Supra-inguinal fascia iliaca block in older-old 
patients for hip fractures: a retrospective study. Braz J Anesthesi-
ol 2023; 73: 711-7.

28.	 Layera S, Aliste J, Bravo D, Saadawi M, Salinas FV, Tran Q. Mo-
tor-sparing nerve blocks for total knee replacement: a scoping 
review. J Clin Anesth 2021; 68: 110076.

29.	 Yee EJ, Gapinski ZA, Ziemba-Davis M, Nielson M, Meneghini 
RM. Quadriceps weakness after single-shot adductor canal 
block: a multivariate analysis of 1,083 primary total knee arthro-
plasties. J Bone Joint Surg Am 2021; 103: 30-6.

30.	 Roy R, Agarwal G, Latwal BS, Patel A, Mohta A. A comparative 
randomized controlled study of modified 4 in 1 block versus IP-
ACK plus adductor canal block for post-operative analgesia in 
total knee arthroplasty. Indian J Anaesth 2023; 67: 296-301.

31.	 Roy R, Agarwal G, Pradhan C, Kuanar D. Total postoperative 
analgesia for total knee arthroplasty: Ultrasound guided single 
injection modified 4 in 1 block. J Anaesthesiol Clin Pharmacol 
2020; 36: 261-4.

32.	 Vamshi C, Sinha C, Kumar A, Kumar A, Kumari P, Kumar A, et 
al. Comparison of the efficacy of pericapsular nerve group block 
(PENG) block versus suprainguinal fascia iliaca block (SFIB) in 
total hip arthroplasty: a randomized control trial. Indian J An-
aesth 2023; 67: 364-9.

33.	 Aprisunadi, Nursalam N, Mustikasari M, Ifadah E, Hapsari ED. 
Effect of early mobilization on hip and lower extremity postop-

erative: a literature review. Sage Open Nurs 2023; 9: 2377960823 
1167825. 

34.	 Levente BZ, Filip MN, Romaniuc N, Gheorghe S. Efficacy and 
duration of ultrasound guided fascia iliaca block for hip fracture 
performed in the emergency departments. Rom J Anaesth In-
tensive Care 2017; 24: 167-9. 

35.	 Long B, Chavez S, Gottlieb M, Montrief T, Brady WJ. Local an-
esthetic systemic toxicity: a narrative review for emergency clini-
cians. Am J Emerg Med 2022; 59: 42-8.

36.	 Sørenstua M, Zantalis N, Raeder J, Vamnes JS, Leonardsen AL. 
Spread of local anesthetics after erector spinae plane block: an 
MRI study in healthy volunteers. Reg Anesth Pain Med 2023; 48: 
74-9.

37.	 Selvi O, Tulgar S, Serifsoy TE, Lance R, Thomas DT, Gürkan Y. 
Quadrant and dermatomal analysis of sensorial block in ultra-
sound- guided erector spinae plane block. Eurasian J Med 2022; 
54: 121-6.

38.	 Bouaziz H, Vial F, Jochum D, Macalou D, Heck M, Meuret P, et 
al. An evaluation of the cutaneous distribution after obturator 
nerve block. Anesth Analg 2002; 94: 445-9.

39.	 Lesnak J, Anderson D, Farmer B, Katsavelis D, Grindstaff TL. 
Validity of hand-held dynamometry in measuring quadriceps 
strength and rate of torque development. Int J Sports Phys Ther 
2019; 14: 180-7.

40.	 Deones VL, Wiley SC, Worrell T. Assessment of quadriceps 
muscle performance by a hand-held dynamometer and an isoki-
netic dynamometer. J Orthop Sports Phys Ther 1994; 20: 296-
301.

373https://doi.org/10.4097/kja.23710

Korean J Anesthesiol 2024;77(3):364-373

https://pubmed.ncbi.nlm.nih.gov/35705263/
https://pubmed.ncbi.nlm.nih.gov/35705263/
https://pubmed.ncbi.nlm.nih.gov/35705263/
https://doi.org/10.1016/j.bjane.2021.08.008
https://doi.org/10.1016/j.bjane.2021.08.008
https://doi.org/10.1016/j.bjane.2021.08.008
https://doi.org/10.1016/j.jclinane.2020.110076
https://doi.org/10.1016/j.jclinane.2020.110076
https://doi.org/10.1016/j.jclinane.2020.110076
https://doi.org/10.2106/jbjs.19.01425
https://doi.org/10.2106/jbjs.19.01425
https://doi.org/10.2106/jbjs.19.01425
https://doi.org/10.2106/jbjs.19.01425
https://doi.org/10.4103/ija.ija_530_22
https://doi.org/10.4103/ija.ija_530_22
https://doi.org/10.4103/ija.ija_530_22
https://doi.org/10.4103/ija.ija_530_22
https://doi.org/10.4103/joacp.joacp_260_19
https://doi.org/10.4103/joacp.joacp_260_19
https://doi.org/10.4103/joacp.joacp_260_19
https://doi.org/10.4103/joacp.joacp_260_19
https://doi.org/10.4103/ija.ija_311_22
https://doi.org/10.4103/ija.ija_311_22
https://doi.org/10.4103/ija.ija_311_22
https://doi.org/10.4103/ija.ija_311_22
https://doi.org/10.4103/ija.ija_311_22
https://doi.org/10.1177/23779608231167825
https://doi.org/10.1177/23779608231167825
https://doi.org/10.1177/23779608231167825
https://doi.org/10.1177/23779608231167825
http://www.ncbi.nlm.nih.gov/pubmed/29090270
http://www.ncbi.nlm.nih.gov/pubmed/29090270
http://www.ncbi.nlm.nih.gov/pubmed/29090270
http://www.ncbi.nlm.nih.gov/pubmed/29090270
https://doi.org/10.1016/j.ajem.2022.06.017
https://doi.org/10.1016/j.ajem.2022.06.017
https://doi.org/10.1016/j.ajem.2022.06.017
https://doi.org/10.1136/rapm-2022-104012
https://doi.org/10.1136/rapm-2022-104012
https://doi.org/10.1136/rapm-2022-104012
https://doi.org/10.1136/rapm-2022-104012
https://doi.org/10.5152/eurasianjmed.2022.21151
https://doi.org/10.5152/eurasianjmed.2022.21151
https://doi.org/10.5152/eurasianjmed.2022.21151
https://doi.org/10.5152/eurasianjmed.2022.21151
https://doi.org/10.1213/00000539-200202000-00041
https://doi.org/10.1213/00000539-200202000-00041
https://doi.org/10.1213/00000539-200202000-00041
https://doi.org/10.26603/ijspt20190180
https://doi.org/10.26603/ijspt20190180
https://doi.org/10.26603/ijspt20190180
https://doi.org/10.26603/ijspt20190180
https://doi.org/10.2519/jospt.1994.20.6.296
https://doi.org/10.2519/jospt.1994.20.6.296
https://doi.org/10.2519/jospt.1994.20.6.296
https://doi.org/10.2519/jospt.1994.20.6.296
https://doi.org/10.4097/kja.23710

	Introduction
	Materials and Methods  
	Study design  
	Anesthesia and analgesia management  
	Block performance  
	Patient follow-up  
	Outcome measurements  
	Statistical analysis  

	Results
	Discussion
	Funding
	Conflicts of Interest  
	Data Availability  
	Author Contributions   
	ORCID
	References

