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Abstract
Purpose The aim of our study is to evaluate the efficiency of femoral nerve block on recovery after primary total knee arthroplasty. Our primary goal is to provide adequate analgesia with a lower concentration of bupivacaine (0.125%) as well as the
usual concentration (0.25%). Comparing the degree of motor block, side effects, postoperative pain scores, opioid consumption,
and ambulation and discharge times are our secondary goals. Methods The study was conducted as randomized, controlled and
double blind. Sixty three patients were randomised into three groups: G125(n:21) received FNB with 20ml of 0,125% bupivacaine, G25(n:21) received 10ml of 0,25% bupivacaine and GCont(n:21) received no block. FNB was applied with ultrasound
guidance after the operation. Pain scores(NRS) at certain time intervals, total opioid consumption, motor block, knee flexion
and discharge times were recorded. Results For GCont, pain scores were significantly higher at 2nd, 6th, 12th and 24th hour
postoperatively, total opioid consumption was higher(G125:75mg, G25:0mg, GCont:280mg) and first opioid demand time was
earlier(G125:12th hour, G25:21st hour GCont:2nd hour). First knee flexion time and mobilization time were also delayed for
GCont. G25 had lower scores for quadriceps muscle strength(G25:3/5, G125:4/5, GCont:5/5, Manual Test at 6th Hour), but
this did not affect mobilization compared to G125. Conclusion G125 had lower quadriceps muscle strength loss compared to
the G25 and earlier mobilization and flexion times, low opioid consumption and low pain scores compared to the control group.
In this respect, we believe the femoral nerve block with 0,125% bupivacaine proves to be a suitable option for analgesia with
the potential of maintaining enough movement for recovery after TKA.

Efficiency of Femoral Nerve Block for Recovery after Primary Total Knee Arthroplasty
Abstract
Purpose
The aim of our study is to evaluate the efficiency of femoral nerve block on recovery after primary total knee
arthroplasty. Our primary goal is to provide adequate analgesia with a lower concentration of bupivacaine
(0.125%) as well as the usual concentration (0.25%). Comparing the degree of motor block, side effects,
postoperative pain scores, opioid consumption, and ambulation and discharge times are our secondary goals.
Methods
The study was conducted as randomized, controlled and double blind. Sixty three patients were randomised
into three groups: G125(n:21) received FNB with 20ml of 0,125% bupivacaine, G25(n:21) received 10ml of
0,25% bupivacaine and GCont(n:21) received no block. FNB was applied with ultrasound guidance after the
operation. Pain scores(NRS) at certain time intervals, total opioid consumption, motor block, knee flexion
and discharge times were recorded.
Results

1

Posted on Authorea 3 May 2021 — The copyright holder is the author/funder. All rights reserved. No reuse without permission. — https://doi.org/10.22541/au.162008616.66695960/v1 — This a preprint and has not been peer reviewed. Data may be preliminary.

For GCont, pain scores were significantly higher at 2nd , 6th , 12th and 24th hour postoperatively, total
opioid consumption was higher(G125:75mg, G25:0mg, GCont:280mg) and first opioid demand time was
earlier(G125:12th hour, G25:21st hour GCont:2nd hour). First knee flexion time and mobilization time were
also delayed for GCont. G25 had lower scores for quadriceps muscle strength(G25:3/5, G125:4/5, GCont:5/5,
Manual Test at 6th Hour), but this did not affect mobilization compared to G125.
Conclusion
G125 had lower quadriceps muscle strength loss compared to the G25 and earlier mobilization and flexion
times, low opioid consumption and low pain scores compared to the control group. In this respect, we
believe the femoral nerve block with 0,125% bupivacaine proves to be a suitable option for analgesia with
the potential of maintaining enough movement for recovery after TKA.
Keywords: Total knee arthroplasty; recovery; femoral nerve block; postoperative analgesia
Introduction
Pain after Total Knee Arthroplasty (TKA) is a challenging condition that should be approached carefully
in terms of both patient comfort and an effective rehabilitation process[1-3]. Patients undergo an intensive
rehabilitation period after TKA in order to return to a functional life.
Analgesic options for the management of pain after TKA are numerous. Although opioids are effective in
relieving pain, they have limited use due to side effects such as nausea, vomiting, constipation, sedation and
respiratory depression[4]. Central nerve blocks are capable of providing high-quality analgesia, but the risk
of serious complications, dense motor blockage and interference with postoperative anticoagulants limit their
use[5,6]. Peripheral nerve blocks may prove to be the most useful analgesic option with minimal side effects,
but motor blockage and application difficulties should be considered thoroughly[2].
Determining the perfect use of each method is of vital importance to complete the rehabilitation process
without side effects. Femoral nerve block (FNB) is a proven method to reduce opioid consumption and
pain scores after TKA, but it also causes loss of quadriceps muscle strength, increase in ambulation time
and fall of patients[2]. In this respect, we believe that reducing the motor block effect without modifying
the analgesic efficacy of FNB may positively contribute to pain management for TKA patients. For this
purpose, we tested whether we could provide effective analgesia without causing motor block by comparing
a low concentration of local anesthetics (LA) with a standart concentration which is proven to be effective
for analgesia.
The aim of our study is to evaluate the efficiency of femoral nerve block on recovery after primary total knee
arthroplasty. Our primary goal is to provide adequate analgesia with a lower concentration of bupivacaine
(0.125%) as well as the usual concentration (0.25%). The secondary aim is to compare motor blockade, side
effects, postoperative pain scores, postoperative opioid consumption, ambulation and discharge times among
different concentrations of FNB and control groups.
Materials and Methods
The study was conducted as randomized, controlled and double blind. After the approval of the local
ethics committee with decision number: 21032018-02, the patients were enrolled in the study by obtaining
their informed consent. A total of sixty three patients were included in the study with the ClinicalTrial
record number NCT03623230. Patients older than the age of 18, ASA 1-3 category, who were scheduled
to undergo primary unilateral TKA with spinal anesthesia and agreed to participate in the study with no
contraindication for spinal or regional anesthesia were included in this study. The criteria for exclusion were
history of allergy to LAs, uncontrolled diabetes, peripheral neuropathy, obesity over 35 kg/m2, coagulopathy,
psychological and emotional lability. Patients who needed additional medication for pain during surgery
were also excluded. The enrollment process is further detailed in accordance with the CONSORT 2010 Flow
Diagram (Figure 1).
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The study was planned with 3 groups and sixty three patients in total. The control group (GCont) did not
receive any intervention and was dressed behind the curtain in the recovery room as if FNB is applied to
the patient to provide blindness for both patient and the physician who follows up the patient in the ward.
One of the interventional groups (G125) received 20 ml 0.125% Bupivacaine (Buvasin, 0,5%, 20 ml single-use
vial; VEM Pharmaceuticals, Istanbul) (5 cc 0.5% Bupivacaine and 15cc Normal Saline (NS)) mixture while
the other group (G25) received 10 ml 0.25% Bupivacaine (5cc Bupivacaine, 5 cc NS) for FNB. Both groups
received the same amount of LA with different volume and concentrations. Prior to the operation, patients
were randomized by a resident with a simple dice roll. The same resident sorted the patients and tagged the
case report forms with patient’s numbers only. The randomization information of the patients was passed
to the author responsible from statistical analysis after the end of the patient enrollment. Enrollment for
each separate group was stopped once the number of patients reached 21.
Patients received spinal anesthesia in the operation room, while seated with legs hanging off the bed, via a
25G pencil-point spinal needle. Then they were taken to the supine position and the operation was allowed
if the T6-T9 dermatome blockage was achieved. All patients received 0,02 mg/kg IV midazolam before and
2lt/min O2 during surgery.
Surgeries were performed by the same surgeon(who is also the co-author) and his team with the same
technique. The medial parapatellar approach for incision and cementation was used. In the case report
form, patient’s demographic and contact information, patient’s number(given by the resident in the operating
room), operation date, neuraxial block level assessment (evaluated with Pinprick test), length of operation
(time from spinal anesthesia to discharge of the patient from the operating room) were recorded during
operation. Numeric Rating Scale (NRS, 0-10) scores (at 0., 30., 60. minutes and 2., 6., 12., 24. and
48. hours), reverse of the neuraxial anesthesia induced motor block (Starting to count with the end of
surgery, ending when Bromage Score is “0”) and FNB induced motor block level (quadriceps strength was
evaluated by the Oxford Scale for Manual Muscle Test (MMT) at 6th hour) (Figure 2), nurse controlled
opioid administration times and doses, first knee flexion time (voluntarily and pain-free), first 90° knee flexion
time and first time of walking without help were recorded postoperatively.
“NRS”, “Bromage Scale” and “MMT” were performed preoperatively(During pre-operative anaesthetic assessment for ASA score) for each patient in order to increase the patient-health worker concordance during
data collection as well as to identify abnormal patients. It was questioned whether they could perform knee
flexion and 90° knee flexion(for both knees) or walk on their own. Patients who had issues detected in these tests and interrogations, who had extensive pain scores, contralateral knee or other problems related to
ambulation were not included in the study (Figure 1).
Postoperative femoral nerve block was performed in the anesthesia recovery room by an anesthesiologist
who is experienced in the femoral nerve block(More than ten years of practice with FNB). While patients
were laying in supine position, sterile conditions were provided where artery pulsations were identified in
the level of the femoral crease. Femoral artery, vein and nerve were determined with the help of ultrasound
(SonoScape S6 Ultrasound; SonoScape Medical Corp, Guangdong, China) and linear ultrasound probe (L741
10.0-5.0 MHz Transducer; SonoScape Medical Corp, Guangdong, China). The needle (Stimuplex A 22Gx2”
Insulated Needle; Braun, Melsungen, Germany) was connected to a nerve stimulator (Stimuplex HNS 12;
Braun, Melsungen, Germany) which was set up to deliver 0,32 mAh current with 1 Hz frequency and 0,1
ms length to avoid intraneural injection[7]. The probe was placed in transverse plane and the needle was
approached in-plane aspect from lateral to medial. With the order of the performer, half of the solution
was injected at 06:00 and the other half at 12:00 direction by the resident who performed randomization.
This way, the blindness of the performer was provided for the volume of the local anesthetic solutions. Full
circle coverage (Donut Sign) was recognized as a successful block. The solutions that were administered were
prepared by the hospital pharmacist for each patient before the procedure. The physician who followed the
cases was informed about the successful completion of the procedure.
Standart dosage of intravenous diclofenac (3x50 mg) was administered to all patients in the study for 2 days
postoperatively. For the purpose of rescue analgesia, intravenous Tramadol (1mg/kg) was ordered with “On
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Demand” footnote and the service nurse was informed about the study and told to administer the medication
on patient’s request. Patients were periodically visited and were questioned for pain scores (NRS) and motor
blockage.
Intraoperative and postoperative follow-ups were performed by health professionals and anesthesiologists
who were not associated with the study. Femoral nerve block was performed by the anesthesiologist who
carried out the study.
Power analysis was conducted in line with the preliminary study we conducted which included 30 patients in
total with the same settings as the main study. Sixth-hour NRS scores(G125: 2.8, G25:2.1 and GCont: 4.7;
error variance: 2.1) were recorded and G*Power Version 3.1(α-error probability: 0.05 and power: 0.95) was
used to determine total sample size. The total sample size was found to be 60 patients but 63 patients were
enrolled taking into consideration of a dropout rate of %5. Statistical Package for Social Sciences (SPSS)
Version 18 package program was used for statistical analysis. Parametric test results were presented as mean
and standard deviation and non-parametric test results as number and percentage or median and interquartile
range (IQR) or total range. The normal distribution of the data was evaluated by the Kolmogorov-Smirnov
test. The comparison of quantitative data to normal distribution was performed with one-way ANOVA. The
Tukey HSD test was used to determine the difference between groups and the Kruskal Wallis-H test was
used to compare the non-normal distributed quantitative parameters. Mann Whitney U test was used to
determine the group which caused the difference. Chi-square test was used to compare the qualitative data.
Significance level was determined as p <0.05 for 95% confidence interval.
Results
Enrollment of patients occurred between August 10, 2018, and December 12, 2018. 3 eligible patients
disagreed to enroll in the study, 11 patients were discarded due to unfitting the including criteria and 4
patients discarded due to unsuccessful FNB (When Donut sign was not identified). (Figure 1)
Demographic, educational, gender, ASA classification data and comparison of groups were presented in Table
1. All groups were homogeneous in these aspects.
Assessment of neuraxial blockade level, length of operation and reverse of the neuraxial anesthesia induced
motor block were observed and found to be homogeneous among groups. (Table 2)
Postoperative pain scores (NRS) were recorded at certain time intervals and groups were compared by their
pain scores as in Table 3. GCont had significantly higher pain scores from 2nd to 24th hours postoperatively
compared to G125 and G25. No differences between G125 and G25 were demonstrated.
It was recorded whether the patients needed postoperative opioid (intravenous tramadol), and if so, the time
and amount of rescue analgesia that were administered was determined. Total opioid use was recorded in
milligrams and milligrams/kg. 52,5% of the patients who demanded rescue analgesia was in GCont. Total
consumption was 280mg, 75 mg and 0 mg in GCont, G125, and G25, respectively, as median values. GCont
had significantly higher consumption than other groups (p: 0,000) and requested analgesia earlier than
the block groups. (at 2nd hour compared to 12th and 21st hour in G125 and G25, respectively, p:0,000)
Comparison of the groups in terms of these data was shown in Table 4.
The first knee flexion and the first 90° knee flexion time of the patients and postoperative hour of ambulation
were recorded and compared between the groups and these data were presented in Table 4. While 90° knee
flexion time was not significantly different, first knee flexion time and ambulation time was significantly
longer for GCont. (Table 4)
Results of the manual test for quadriceps muscle and comparison of the groups were presented in Table 4.
Quadriceps muscle strength(MMT) was found to be significantly less in G25. (GCont: 5, G125: 4, G25 3,
p:0,000)
Day of discharge and comparison of the groups in terms of this data were shown in Table 4.
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Discussion
The primary aim of our study was to provide adequate analgesia with different concentrations of bupivacaine(0,125% vs. 0,25%) for the FNB after TKA surgery. As shown in Table 3, pain scores (NRS) in block
groups (G125 and G25) were as low as 3 and below 3 in the first 48 hours postoperatively. Compared to
the control group, NRS scores of the patients in the block groups were significantly lower at the 2nd, 6th,
12th and 24th hours. These results are correlated with many studies on this subject[1,2,8-10]. However,
the femoral block shows its analgesic properties in minutes, but we detected no difference in NRS scores
between the groups in the first two hours after the application[11]. We believe that the spinal anesthesia
sensory block is associated with this indifference between the groups. We also detected no difference at the
48th hour. Therefore, we can conclude that the US-guided femoral nerve block with 0.125% 20 ml or 0.25%
10 ml bupivacaine solution provides better analgesia compared to nurse controlled analgesia for at least 24
hours after the application for primary total knee arthroplasty. However, it would be more appropriate to
investigate the correct onset and duration of femoral nerve block applied with different LA concentrations
and volumes in a patient population that were followed at more precise time intervals and that did not
undergo any anesthesia method which could be confused with femoral nerve block efficacy.
In the recovery process after TKA, reducing opioid use has become one of the main objectives and NSAIDs
and paracetamol are often included in the analgesia protocols. Peripheral nerve blocks are proven to reduce
the opioid need, therefore opioid-related side effects and to increase patient comfort[8]. Our results show
that, compared to block groups (G125 and G25), GCont consumed more opioids (75mg and 0 mg to 280mg,
p:0,000, median values, respectively) and demanded rescue analgesia earlier (12th and 21st hour to 2nd
hour, p:0,000, median values, respectively). Both LA concentrations in our study significantly caused lower
opioid consumption compared to the control group. In addition to this, early need for opioid is critical
due to the risk of delayed recovery from anesthesia and delayed discharge from post anesthesia care unit
(PACU), increased postoperative nausea and vomiting (PONV) and further decreased respiratory drive which
is already affected by the sedative medication from earlier. But, since we did not follow any of these side
effects, it is not possible to point out any differences regarding these situations. For 48 hours postoperatively,
all patients in the control group requested rescue analgesia at least for once. On the other hand, only 8 and 12
patients requested rescue analgesia for G25 and G125 groups, respectively. GCont is found to be statistically
different from block groups (p:0,000). In this respect, it is in our view that both concentrations used in FNB
reduce opioid consumption for TKA patients, but more studies are needed to compare the opioid-related
side effects.
The femoral nerve block is a proven technique to prevent pain after total knee arthroplasty[2-4,9,10], but
it may also cause quadriceps muscle weakness which may affect the recovery process[12,13]. Thus, trying to
avoid motor block has potential benefits for TKA patients. Using lower concentrations and higher volumes
without increasing the dose of bupivacaine for FNB may increase the duration of analgesic action and
reduce muscle weakness in the quadriceps muscle. In a prospective experimental study to determine effective
concentration for FNB, the minimum effective concentration (EC50) was determined as 0.160%[14]. But
studies such as this one investigate data on anesthetic efficacy of the block for the intraoperative period, not
analgesia for the postoperative period. There are studies which used 0.125% bupivacaine solution for infusion
with FNB catheter and it’s reported that this concentration does not prevent ambulation[15]. We believe
a concentration as low as 0.125% bupivacaine for single shot FNB shows potential for early ambulation
while maintaining adequate analgesia. Our results show that there is no significant difference in the analgesic
efficacy and opioid consumption between G25 and G125 group and both drug concentrations provided better
outcomes than the control group. In terms of postoperative recovery, patients in the block groups (G25 and
G125) were able to move their operated knees earlier (5 and 4.3 hours, respectively: GCont: 8.5 hours, mean
values, p:0,020) and ambulated earlier without assistance (20th and 18th hours, respectively, GCont: 24
hours, median values, p:0,001) (Table 4). Some studies show that quadriceps weakness after FNB for TKA
can delay ambulation[12,13]. However, many factors may affect ambulation after TKA[16,17]. These can
be related to the surgical procedure, patient and anesthesia management. Factors that are associated with
anesthesia management may be the anesthesia technique used, the number of invasive procedures and the
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quality of postoperative pain management. In any case, early ambulation after TKA is associated with early
discharge time and has been shown to prevent venous thromboembolism[18,19]. However, in order to assess
actual causes of delayed ambulation, more comprehensive studies are necessary.
As mentioned earlier, motor block and delayed mobilization are still some of the major concerns when
peripheral nerve blocks are the chosen method for postoperative analgesia after TKA. According to the results
of the manual test for quadriceps muscle strength, G125 had slightly less scores than the control group and
this difference was not statistically significant (Table 4). The same test was found to be significantly lower
in the G25 group compared to the control and G125 group (p:0,000). Even though both groups received
the same amount of bupivacaine for FNB, G125 experienced less muscle weakness which is statistically
significant. We believe this was due to the concentration effect of the LA solution. Despite the difference
in muscle strength between the control group and the G125 group, which was statistically not important
but clinically important, early ambulation of the G125 group could be interpreted that FNB with 0,125%
bupivacaine may have reduced the muscle strength of the quadriceps, but this effect was not potent enough
to prevent ambulation. In fact, it may even facilitate knee flexion and ambulation by relieving pain in the
recovery process. On the other hand, femoral block application with 0,25% bupivacaine caused significant
quadriceps muscle weakness compared to other groups. (Table 4)
Adductor Canal Block(ACB) is proven to have less quadriceps muscle strength loss in some studies while
providing adequate analgesia which is comparable to FNB after TKA. But FNB is our choice of postoperative
analgesia because it’s easier to visualize and apply even with an old and low-resolution US device. Another
reason is, dressings applied after TKA usually reaches higher than the level of middle or low adductor canal
block. Therefore, we aimed to find a solution for the possible negative effects of FNB on quadriceps muscle
strength.
One of the limitations of our study originated from the anesthesia method we chose. Confirmation of successful
FNB was not convenient as the effect of the spinal anesthesia could continue for hours after surgery. Thus,
we had to exclude patients, after the administration of the block, if donut sign for FNB was not identified
via US. We believe this is also the reason why the majority of the patients did not report any pain in two
hours after the operation.
Another issue is, even though statistical analysis showed no significant difference between the block groups
for “first rescue time”, this data may actually be clinically important. G125 required intravenous tramadol
earlier than G25. This could be due to the number of the patients who demanded tramadol post-operatively
was lower than the total sample size(n:12 for G125 and n:8 for G25)
Results showed that discharge times of the control group was significantly longer than other groups. However,
the discharge policy of our clinic is not consistent. Discharge decision may vary depending on the weekend
or holidays. Socioeconomic status of the patients could also affect this decision. Thus, we believe this data
cannot be evaluated properly.
We failed to obtain and compare the data regarding the preoperative analgesic use of the patients. Preoperative use of analgesic medication such as opioid or pregabalin could affect postoperative pain scores and rescue
analgesic needs. Although homogeneity in “Control Pain Scores” could mean homogeneity in preoperative
analgesic use, we can not interpret this to be correlated accurately.
Conclusions
Among all three groups, G125 group had lower quadriceps muscle strength loss compared to the G25 group
and shortened the ambulation time, earlier flexion times, low opioid consumption and low pain scores compared to the control group. In this respect, we believe that the femoral nerve block with 0,125% bupivacaine
solution proves to be a suitable option for analgesia with the potential of maintaining enough movement for
recovery after total knee arthroplasty.
What’s already known about this topic?
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-Effective postoperative analgesia in primary total knee arthroplasty ameliorates recovery period.
-Regional nerve blocks may cause motor block which is unfavorable for ambulation in the recovery period.
-Parenteral opioids may augment postoperative complications in elderly patients with comorbidities.
What does this article add?
-Femoral nerve block is an effective analgesic method in the postoperative period for primer total knee
arthroplasty.
-0.125% bupivacaine solution provides similar analgesia with decreased quadriceps muscle motor block
compared to 0.25% bupivacaine solution used for single shot femoral nerve block.
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