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ABSTRACT

ARTICLE INFO

Aim: In regional anesthesia practice, anesthesists’ goal must be to use the lowest effective
concentration of local anesthetics to provide sufficient pain relief while minimizing side ef-
fects and complications. This study was designed to compare the analgesic efficacy of two dif-
ferent concentrations of bupivacaine (0.125% and 0.1%) in continuous femoral block for
postoperative analgesia.

Method: In this study, fifty patients were enrolled, all of whom underwent femoral nerve
block catheterization. The block procedure involved the administration of 30ml of bupiva-
caine solution at a concentration of 0.25%. Following a thirty-minute interval post-block ap-
plication, patients underwent knee surgery under general anesthesia. During the closure of
subcutaneous tissues, an additional 10ml of bupivacaine solution was injected through the
catheter. Two groups were formed based on the concentration of the solution administered:
Group(0.125%) received bupivacaine at a concentration of 0.125%, while Group(0.1%) re-
ceived it ata concentration of 0.1%. Subsequently, upon arrival at the postoperative care unit,
infusion through the catheter commenced at a rate of 10ml/h-1, maintaining the same con-
centrations for both groups. In addition to the nerve block, all patients were provided with
intravenous Patient Controlled Analgesia (PCA) devices containing morphine for pain man-
agement. Throughout the postoperative period, sensory and motor block levels, Numerical
Rating Scale (NRS) values for static and dynamic pain assessment, total morphine consump-
tion, morphine demand, as well as any observed side effects and complications, were metic-
ulously recorded for analysis.

Results: Postoperatively the NRSstatic values at 24th and 48th hours and NRSdynamic val-
ues at the 24th hour were higher in Group(0.1%) and it was statistically significant(p<0,007).
And at 48th hour, morphine consumption was significantly higher in Group(0.1%) (p<0,05).

Conclusions: In our study, all patients across both experimental groups initially experienced
satisfactory analgesia. However, within the 24-hour postoperative period, Group(0.1%) ex-
hibited a decline in the quality of analgesia, necessitating increased utilization of rescue anal-
gesics. This escalation in rescue analgesic use was associated with a higher incidence of ad-
verse effects and reduced patient comfort levels within this group. Consequently, our findings
indicate that the 0.125% concentration of bupivacaine yielded superior efficacy compared to
the 0.1% concentration in the context of continuous femoral block administration.
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1. Introduction

While being used for achieving surgical anesthesia,
regional anesthesia techniques are now commonly pre-
ferred for postoperative pain treatment as well. The ad-
vancements of pain therapy underscores the preference
for central neuroaxial and peripheral nerve block tech-
niques. Following total knee arthroplasty surgery, there
happens notable pain, edema, and muscle spasm, with
the initial 48 hours being particularly challenging. Effec-
tively managing this pain is crucial for patients to regain
muscle strength, enhance joint mobility, and facilitate
early mobilization [1].

Postoperative pain therapy utilizes systemic intrave-
nous drugs (opioids, nonsteroidal anti-inflammatory
drugs, muscle relaxants, antidepressants, etc...), epidural
blockage, and peripheral nerve blockage techniques. In-
travenous methods provide sufficient analgesia at rest,
but patients in motion may experience pain, and reflex
spasm of the quadriceps femoris muscle that cannot be
avoided. Hence, regional anesthesia techniques are often
preferred. Advances in nerve stimulators, ultrasound-
guided nerve locating techniques, and continuous anal-
gesia with catheters have contributed to the successful
application of nerve blockages [2-5]. In contemporary
clinical practice, while nerve blockades traditionally re-
lied solely on nerve stimulators, ultrasound-guided tech-
niques have gained prominence and preference. This
shift is attributable not only to the heightened success
rates achieved with reduced procedural duration but
also to the enhanced safety profile afforded by ultra-
sound guidance. Through real-time visualization of both
nerves and peripheral tissues, ultrasound guidance en-
sures greater precision, mitigating the risk of inadvert-
ent intraneural injection-induced nerve damage during
the procedure [3].

The principal objective of rehabilitating patients fol-
lowing total knee arthroplasty (TKA) is to attain optimal
extension and flexion range of motion within the knee
joint. This endeavor is chiefly facilitated by the function-
ality of the quadriceps femoris muscle, which receives
innervation from the femoral nerve.

In the realm of unilateral anesthesia or analgesia, fem-
oral and sciatic nerve blockades stand out as efficacious
modalities. Comparative investigations suggest parity in
effectiveness between femoral block and epidural blocks
for knee surgery. However, femoral block demonstrates
a favorable profile with fewer observed side effects and
complications, as evidenced by several studies [6-8].

In the context of employing regional anesthesia tech-
niques for postoperative analgesia, local anesthetics,
particularly bupivacaine, are predominantly utilized due
to their accessibility and efficacy. Bupivacaine offers ver-
satility in achieving desired effects through variations in
concentration. Higher concentrations are conducive to
achieving anesthesia, while lower concentrations are
suitable for analgesia. The reduction of bupivacaine con-
centration serves to mitigate the incidence of side effects
and complications. However, excessive reduction may
compromise the efficacy of nerve blockade, leading to in-
adequate pain management. Hence, it is imperative to se-
lect a concentration that optimally balances pain reduc-
tion efficacy with minimal side effects and complications.

In this study, our aim was to compare 0.1% and
0.125% concentrations of bupivacaine in terms of anal-
gesia, motor blockage, and side effects.

2. Material and Method
2.1. Study design

After obtaining ethical committee approval (AOEAH-
EPKK No: 2007/3) and written informed consents from
patients, 50 ASA I-III status participants aged 40 to 77,
scheduled for elective total knee arthroplasty surgery
between April-September 2007 were included to this
study.

Exclusion criteria were, not being suitable for general
anesthesia, those with mental retardation, a history of
chronic analgesic usage, peripheral neuropathy, coagu-
lation disorders, and local anesthetic allergy.

Before surgery, patients were informed about Numer-
ical Rating Scale (NRS) and the use of Patient Controlled
Analgesia (PCA) device.

2.2. Block performing

After all patients were evaluated for sensorial or mo-
tor neurologic deficiencies on the side that femoral block
was to be applied and recorded as intact, all patients
were premedication with 0.07mg/kg intramuscular
midazolam before block application. Patients then as-
sumed a supine position. The catheterization site,
marked 1cm caudal to the inguinal ligament and 1cm lat-
eral to the femoral arterial pulse, was sterilized, and 2ml
of 1% prilocaine solution was subcutaneously infil-
trated.

Femoral Block was performed with the nerve stimu-
lator (Stimuplex-DIG©; Braun, Geisingen, Germany)
which was set to 1.5mA output, 2Hz frequency, and
0.1ms for nerve location. A 50mm stimulating needle
(Pajunk D-78187 set, Geisingen, Germany) was inserted
at a 45-degree cephalic angle in the sagittal plane until
quadriceps femoris muscle contraction was achieved. Af-
ter reducing voltage and ensuring contraction at 0.5mA
or less, 10ml isotonic saline was administered, and a 20-
gauge catheter was placed, leaving 6-8cm in the femoral
nerve sheath and secured with a suture. Thirty minutes
before surgery, 30ml of 0.25% bupivacaine solution was
administered through the catheter after a negative aspi-
ration test.

2.3. Randomization

Patients were randomized into two groups by closed
envelope method. Group(0.125%) patients were
planned to receive 0.125% bupivacaine, and
Group(0.1%) patients were planned to receive 0.1% bu-
pivacaine through the femoral nerve block catheter.

2.4. Evaluation of outcomes
Before surgery, sensorial blockage was assessed in

the anterior thigh for the femoral nerve, lateral thigh
for the lateral femoral cutaneous nerve, and the knee's
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medial and posterior regions for the obturator nerve
using a cold object. Motor blockage was evaluated by
testing resistance to knee extension (femoral nerve)
and leg adduction (obturator nerve), noted as present
or absent.

2.5, General anesthesia

After standard ASA monitoring (Electrocardiography,
Hearth Rate, Non Invasive Blood Pressure, Oz Saturation,
EndtidalCOz), general anesthesia induction began. Intra-
venous 1.5pg.kg! fentanyl, 4-6mg.kg! thiopental, and
0.1mg.kg! vecuronium were administered. Anesthesia
was maintained with a 40% 02, 60% N20, and 1.2MAC
sevoflurane mixture after tracheal intubation. Intramus-
cular diclofenac was given post-induction to all patients.

During the operation, hemodynamic parameters were
monitored every 5 minutes. A decrease in systolic blood
pressure exceeding 30% of the baseline was considered
hypotension and treated with 0.9% NaCl infusion, and if
necessary, intravenous (iv.) 5-10mg of ephedrine was
administered. Heart rates below 50 beats.min! were
considered bradycardia and treated with 0.5mg iv. atro-
pine.

2.6. Postoperative analgesia management and
assessments

Towards the end of surgery, during subcutaneous tis-
sue suturing, 10ml of 0.125% bupivacaine solution
(Group (0.125%)) or 0.1% bupivacaine solution
(Group(0.1%)) were administered via the femoral nerve
catheter. In the Post-Anesthesia Care Unit (PACU), elas-
tomeric infusion pumps (Easy pump 270ml, 10ml/hr., B
Braun; Boulogne Cedex, France) containing 0.125% or
0.1% bupivacaine solutions, infused at a rate of 10ml/h,
were connected to the catheters. All patients had intra-
venous Patient-Controlled Analgesia (PCA) with
0.5mg.ml! morphine programmed as a 1mg bolus dose
with a 10-minute lockout time. Intramuscular diclofenac
was given every 12 hours postoperatively to all patients.

Throughout the study, patients were assessed at 0,
2nd, 6th, 12th, 18th, 24th, and 48th hours for sensorial
and motor blockage, total morphine consumption, mor-
phine demand counts, static and dynamic NRS values.
Side effects like local anesthetics toxicity, nausea, vomit-

ing, itching, sedation, or complications such as hema-
toma, skin infection at the catheter entrance, occlusion,
or catheter dislocation were recorded.

For thromboembolism prophylaxis, 40mg enoxaparin
was subcutaneously administered to all patients 12
hours before surgery. The catheter was removed 48
hours after the operation if 12 hours have passed since
the last enoxaparin dose.

2.7. Power analyses and statistical analyses

A pilot study was carried out on five patients in each
group. As a result, a power calculation for a trial sug-
gested that 25 patients would be needed in each group
with a power of 0.8 and 95% confidence interval.

Statistical analysis employed SPSS 11.5 for Windows,
utilizing Chi-square, Mann Whitney U, T test, repeated
measures ANOVA tests. Statistical significance was set at
p<0.05, and Bonferroni correction was applied as neces-
sary. Data was presented as Mean+ Standard Deviation,
Median (Minimum-Maximum).

3. Results

Age, sex, weight, ASA and surgery durations of the pa-
tients in two groups were similar (Table 1).

NRSstatic values were found to be significantly higher
in Group(0.1%) at 24t and 48t hours, while NRSdynamic
values were again found to be higher in Group(0.1%)
only at 24th hour(p<0.007)(Table 2).

Although morphine demand counts at 48t hour were
not different between two groups, total morphine con-
sumption values at 48%™ hour were higher in
Group(0.1%) and it was found to be statistically signifi-
cant (p=0.04) (Table 3).

Although nausea and vomiting counts were higher in
Group(0.1%), the difference was not statistically signifi-
cant (p=0.852, p=0.091).

Sedation scores of the patients were similar between
groups.

Thirty minutes after femoral nerve block catheter was
placed and local anesthetic drug was injected and just
before the surgery started, sensorial and motor blockage
status was evaluated. There were no significant differ-
ences in success of the block between both groups (Table
4).

Table 1. Patient characteristics and operation durations (mean #* SD, median (minimum-maximum)).

Group(0.125%)

Group(0.1%)

(n=25) (n=25) p
Age (years) 63.3+9.0 63.2+7.4 0.923
Sex (M/F) (n) 3/22 2/23 1.000
Weight (kg) 83.6+15.2 79.96 + 13.8 0.351
Operation Duration (minutes) 113.0+19.0 114.0 +17.7 0.849
ASAL/11 /11 (n) 2/11/12 2/18/5 0.102

* p>0.05
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Table 2. NRS scores (median (minimum-maximum)).

Group(0.125%)

Group(0.1%)

(n=25) (n=25) p
NRSstatic (0-10)
0 hour 0 (0-3) 1 (0-3) 190
2h 0 (0-3) 1 (0-3) 0.265
6h 1 (0-2) 1 (0-4) 0.388
12h 0 (0-1) 1 (0-4) 0.160
18 h 0 (0-1) 1 (0-2) 0.095
24 h 0 (0-1) 1 (0-2) 0.001*
48 h 0 (0-1) 0 (0-1) 0.004*
NRSdynamic (0-10)
0 hour 1 (0-3) 1(0-3) 0.302
2h 1 (0-5) 2(0-4) 0.668
6h 1 (0-3) 2(0-5) 0.201
12 h 1 (0-3) 1(0-5) 0.325
18h 1 (0-4) 1(0-5) 0.203
24h 0 (0-2) 2(0-4) 0.002*
48h 0 (0-3) 1(0-3) 0.028

NRSstatic: NRS at rest. NRSdynamic: NRS at motion.

* p<0.007 Bonferroni correction.

Table 3. Total morphine consumption and morphine demand at 48th hour (median (minimum-maximum)).

Group(0.125%) Group(0.1%)
(n=25) (n=25) p
Morphine demand at 48th hour (mg) 63.3+9.0 63.2+74 0.923
Total morphine consumption at 48th hour (mg) 3/22 2/23 1.000

* p<0.05

Table 4. Sensorial and motor blockage status 30 minutes after the block application.

Group(0.125%)
(n=25)

Group(0.1%)
(n=25) p

Femoral sensorial

Lateral cutaneous femoral
Obturator sensorial
Femoral motor

Obturator motor

25 (100%)
25 (100%)
25 (100%)
23 (92%)
21 (84%)

25 (100%) -
24 (96%) 1
25 (100%) -
20 (80%)
21 (84%) 1

* p>0.05

4. Discussion

After major knee surgeries, patients often endure se-
vere pain linked to the reflex spasm of the quadriceps
femoris muscle, highlighting the critical role of adequate
analgesia for successful knee rehabilitation. Untreated
pain impedes early mobilization and, subsequently,
poses risks to surgical success. Peripheral nerve blocks,
notably femoral or femoral+sciatic blocks, are preferred
for postoperative analgesia due to better tolerance and

fewer side effects, making them predominant choices af-
ter major knee surgery [6-8]. This study established ef-
fective analgesia for knee rehabilitation after total knee
arthroplasty using 0.125% and 0.1% concentrations of
bupivacaine in continuous femoral block.

The femoral block, with a low failure rate (Table 4), is
an easily applicable technique [9,10]. Numerous factors
affect the success of femoral nerve block, including the
concentration and volume of the local anesthetic [11].
There are various statements in the literature about the
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optimum drug concentration to be used in femoral block
[12,13]. Beebe et al. [14] offers 0.125% bupivacaine at a
rate of 5ml.h-! infusion which does not prevent early am-
bulation of patients. The continuous infusion drug con-
centration can be lowered, but excessive reduction may
compromise block quality and distribution [15].
Whereas high doses and volumes may lead to toxicity,
which can be prevented by using the minimum effective
dose [16]. No signs of toxicity were observed in our
study, and side effects (nausea, vomiting, itching, seda-
tion) from opioids showed no statistically significant dif-
ference between the two groups. However, the incidence
of nausea and vomiting was higher in group (0.1%), po-
tentially due to increased morphine consumption.

In our study, statistically higher NRSstaic (24th and
48th hours) and NRS dynamic (24th hour) values were
observed in group (0.1%) (p<0.008). At 48 hours, group
(0.1%) had higher morphine rescue analgesic consump-
tion compared to group (0.125%); (Group
(0.125%)=10mg, Group(0.1%)=17mg) (p<0.05). While
both groups achieved adequate analgesia, the higher
morphine consumption in group (0.1%) suggested supe-
rior analgesic quality in group (0.125%).

Applying a femoral nerve sheath catheter with a nerve
stimulator has a success rate of 80-100% [10,17]. Tech-
niques such as ultrasound or x-ray assistance, as demon-
strated by Behera et al. [18], enhance catheter applica-
tion success. Numerous studies confirm that single-shot
or continuous femoral blockage provides adequate anal-
gesia, facilitates rapid rehabilitation, minimizes side ef-
fects, and reduces hospitalization time [14,19]. Until re-
cently nerve blockages were being performed mostly
with the assistance of nerve stimulators. But with these
techniques there were always some risks like vascular
puncture, repeated advancements of the needle for find-
ing the nerve and nerve damages caused by intraneural
injections. As the ultrasound assistance has begun, visu-
alization of the nerves and peripheral tissues for per-
forming these procedures had increased the success
rates, shortened the time for performing the blocks and
decreased the complications like vascular puncture or
nerve damages [3]. One problem for the anesthesia prac-
titioners is that ultrasound devices may not be easily ac-
cessible in daily practice. And whether single or assisted
near ultrasound, classical techniques like nerve stimula-
tor usage should be well known and be carefully used if
needed.

Catheter usage is limited by the risk of infection. To-
bias et al. [20] found that, after 48 hours, bacterial colo-
nization occurred in 30-50% of adductor canal nerve
block catheters. While our study did not conduct micro-
biological investigations, no local infection signs such as
fever, erythema, or discharges were observed.

A rare complication of peripheral nerve block is neu-
rologic deficit, occurring at a rate of 0.014-0.04% as
O'Flaherty et al. [21] reported. In this study, 1 of 51 pa-
tients experienced femoral nerve palsy, resolving com-
pletely after 5 months of physiotherapy. The patient was
excluded upon re-evaluation, revealing a history of past
neuropathy.

To minimize costs and reduce side effects and compli-
cations, our goal should be using the minimum effective
drug concentration. In our study, both 0.125% and 0.1%

concentrations of bupivacaine in continuous femoral
block achieved adequate postoperative analgesia. How-
ever, with 0.1% concentration, compared to 0.125%, the
analgesia quality decreases after 24 hours, leading to in-
creased rescue analgesic (morphine) consumption and
more side effects. In conclusion, 0.125% concentration
of bupivacaine proved to be the most effective dose with
minimal side effects for continuous femoral analgesia.

As previously noted, ultrasonography-assisted tech-
niques have demonstrated enhanced success rates; how-
ever, in routine clinical practice, accessibility to such de-
vices may pose a challenge, as was the case in the circum-
stances under which this study was conducted. Never-
theless, regardless of prevailing limitations, scientific in-
quiry mandates the systematic evaluation of existing
conditions, necessitating the collection of data for future
investigative endeavors.

One of the limitations and weaknesses of our study
pertained to the unavailability of an ultrasound device,
which could have provided visualization of catheter lo-
cations and the distribution of local anesthetic solutions,
thereby enhancing the accuracy of our assessments. Ad-
ditionally, there may have been unintended bias in the
evaluation of postoperative motor block status. This po-
tential bias stemmed from the differences in the evalua-
tors between preoperative and postoperative assess-
ments. Preoperative assessments were conducted by the
block performer, who possessed knowledge of the pa-
tients' baseline motor neurological status. In contrast,
postoperative evaluations were conducted by night-shift
doctors who were not privy to the patients' baseline sta-
tus. The postoperative presence of dressing and bandag-
ing on the leg might have contributed to this situation as
well. Consequently, this discrepancy in evaluators may
have introduced variability and potential inaccuracies in
the assessment of postoperative motor blocks. Conse-
quently, only preoperative motor block results were
deemed statistically reliable and reported.

The mitigation of these limitations and the correction
of these deficiencies would greatly contribute to the sci-
entific evaluation of this subject matter. Future studies
should endeavor to address these shortcomings by en-
suring access to ultrasound technology for enhanced
procedural visualization and consistency in the evalua-
tion process across preoperative and postoperative as-
sessments. Such endeavors would bolster the reliability
and robustness of findings in this field.

5. Conclusions

In continuous femoral block, both 0.1% and 0.125%
concentrations of bupivacaine exhibit efficacy in provid-
ing adequate analgesia while maintaining safety. How-
ever, the utilization of lower concentrations of bupiva-
caine correlates with a time-dependent decline in anal-
gesic quality, accompanied by an increased demand for
rescue analgesics, leading to heightened occurrence of
side effects and diminished patient comfort. Conse-
quently, our findings advocate for the preference of
0.125% concentration of bupivacaine as the more opti-
mal choice for conducting continuous femoral block pro-
cedures.
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