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The main goals after total knee arthroplasty (TKA) 
are to reduce the postoperative pain, to diminish 
the transfusion need, and to ensure the ability for 
early ambulation.[1] Local infiltration anesthesia (LIA) 
is an easy and uprising method to achieve these 
extremely complex goals.[2,3] The optimal volume and 
composition of the mixture are still unclear. Analgetic 
issues provided by anesthetists tend to move from 
neuraxial toward peripheral (mainly femoral nerve’s) 
blockades, leaving the pain emerging from posterior 
and medial structures of the joint untreated.[3-10] To 
the best of our knowledge, there are only few studies 
using blockade of all the three nerves, where posterior 
approach was used to perform sciatic block.[11,12]

Objectives: The aim of this study was to analyze the postoperative 
effects of extended nerve blocks and local infiltration analgesia (LIA) on 
postoperative pain control, muscle weakness, and blood loss after total 
knee arthroplasty (TKA).
Patients and methods: Between February 24th 2020 and 
July 10th 2020, a total of 161 patients (55 males, 106 females; 
median age: 69.0 years [IQR 63.0-75.0], range, 41 to 81 years) who 
underwent primary TKA were randomly allocated into three parallel 
groups according to their concomitant procedure in a double-blind 
fashion: (i) those to whom nerve blockade was performed after 
competition of surgery under the duration of spinal anesthesia 
(n=50); (ii) those to whom LIA was performed during surgery (n=52), 
and (iii) control group (n=59). The content of LIA was 10-10 mL of 
20 mg lidocaine with 0.01 mg adrenalin and 100 mg ropivacaine, 
1 mL (30 mg) ketorolac, and 5 mL (500 mg) tranexamic acid was 
diluted by 50 mL 0.9% NaCl under aseptic conditions. Outcome 
parameters were the evaluation of pain until the evening of first 
postoperative day (24 to 36 h), mobilization, and blood loss within 
the first three postoperative days.
Results: The pain was maximal between 4 and 8 h postoperatively, 
when the effect of the spinal anesthetic drugs disappeared. During this 
critical period, tolerable pain (Numerical Rating Scale, NRS ≤3) was 
observed in 52%, 42%, and 19% of nerve blockade in LIA and control 
groups, respectively. None of the patients complained of high-intensity 
pain (NRS >8) in the LIA group, which was a significant difference 
from the block and control groups (10% and 14%, p<0.008, respectively). 
There was no significant muscle weakness associated with the use of 
this extended block. The decrease in hemoglobin level was significantly 
lower in the LIA group than in the control and block groups (odds 
ratio [OR]: 0.379, 95% confidence interval [CI]: 0.165-0.874 for nerve 
blockade vs. LIA, OR: 1.189, 95% CI: 0.491-2.880 for nerve blockade 
vs. control, OR: 0.319, 95% CI: 0.140-0.727, respectively). The common 
language effect size for pain in each referred interval in each group and 
for decrease of hemoglobin between the first and third postoperative 
days fell between 0.507 and 0.680.
Conclusion: This study demonstrates that LIA technique offers a 
fast and safe treatment option for pain relief after TKA. No clinically 
relevant muscle weakness was observed among groups according to 
field block applications. Significant advantages were also achieved in 
blood loss.
Keywords: Local infiltration analgesia, nerve block, postoperative pain, total knee 
arthroplasty.
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More than 1,500 primary TKAs are performed 
annually in our institution, which is a regional 
orthopedic center serving as a tertiary referral center 
in TKA. Postoperative analgesia is primarily based 
on systemic analgesics and administered by nurses 
according to medical instructions and protocols 
tailored to the severity of the pain. In recent years, 
other methods have been used including peripheral 
nerve blocks performed by the anesthesiologist, and 
infiltration of the surgical area by the orthopedic 
surgeon during the operation.

In this study, we aimed to investigate the analgetic 
effects of small volume LIA containing tranexamic 
acid and extended (femoral, obturator and sciatic) 
single shot nerve blockades.

PATIENTS AND METHODS

This double-blind, prospective, randomized-
controlled study was conducted at the Orthopedics 
and Traumatology Department of Uzsoki Hospital, 
Budapest, Hungary between February 24th, 2020 and 
July 10th, 2020. Prior to study, a written informed 
consent was obtained from each participant. The study 
protocol was approved by the local Ethics Committee 
(No: 127-IK/2020). The study was conducted in 
accordance with the principles of the Declaration of 
Helsinki.

A total of 161 patients (55 males, 106 
females; median age: 69.0 years [IQR 63.0-75.0], 

range, 41 to 81 years) who underwent elective primary 
TKA were included in the study. Exclusion criteria 
included allergies against local anesthetics or other 
components of LIA, dementia, neuropathic diseases, 
local skin infections, or patients who did not give 
consent to participate in the study. The patients were 
randomly assigned to one of three parallel groups, 
initially at 1:1:1 ratio by an independent investigator: 
(i) those to whom nerve blockade was performed after 
competition of surgery under the duration of spinal 
anesthesia; (ii) those to whom LIA was performed 
during surgery, and (iii) control group (Figure 1). The 
patients were randomized into the same group in 
the same day. The groups were changed sequentially 
day by day according to a preliminary determined 
order, until the number of patients reached 50 in 
the smallest group. The participant, the surgeon, 
and anesthesiologist became aware of the decision 
immediately before surgery. All patients received 
midazolam for decreasing the psychical stress in 
the operating room, resulting in amnesia for the 
interventions. The same dressing was provided to 
all patients to ensure double blinding on the ward 
after surgery. 1 g tranexamic acid was administered 
intravenously to all patients in the operating theater 
prior to surgery.

Totally bupivacaine 0.5% was employed for 
intrathecal anesthesia in an appropriate dose according 
to the decision of anesthesiologist, who was trained 

FIGURE 1. Flow diagram of the study.
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and experienced in orthopedic anesthesia. General 
anesthesia was chosen in one, five, and three 
patients in the nerve blockade, LIA and control 
groups, respectively. The postoperative evaluation 
was done also by independent investigators. 
Investigators who performed randomization and 
evaluated patients on the ward after surgery were 
different from each other and from those who 
performed the interventions. No interim analyses 
for efficacy or futility were done. The number of 
arthroplasties carried out by the same surgeon was 
comparable among the groups. Operative technique 
was the same in all three groups -midline skin 
incision, mini-midvastus approach, implantation 
of Sanat Swing cemented total knee prostheses.[13] 
Individuals who were participants in other clinical 
studies were excluded. 

Performing the nerve blocks

The sensory innervation of knee joint was supplied 
by the femoral (anterior part), obturator (medial part), 
and sciatic (posterior part) nerves (Figure 2). Each 
nerve was targeted in the same patient aiming as 
complete postoperative analgesia as it was possible. A 
total dose of 40 mL 0.25% (2.5 mg/mL) of bupivacaine 
was administered, which is below the toxic level in 
a patient of 70 kg. The ultrasound-guided blockades 
(SonoScape X3, 2-6.8 MHz convex transducer) of these 
nerves were performed in supine position as follows:

Femoral nerve: After standard preparation of skin, 
the femoral artery was identified at or slightly below 
the level of femoral crease. The femoral nerve was 
ascertained lateral from the femoral artery under 
the fascia iliaca. The needle of 100 mm was inserted 
in-plane underneath the fascia near to the nerve. The 
passage through the fascia was ensured by feeling a 
pop and by visualization of the spread of 1 to 2 mL 
of 0.25% of bupivacaine. A field block was applied by 
15 mL of local anesthetic without any verifications by 
nerve stimulation. Careful and repeated aspirations 
were carried out prior and during the injection to 
avoid the inadvertent intravascular administration.

Obturator nerve: After blockade of femoral nerve, 
the transducer was moved medially at the same 
level and the pectineus, the adductor longus and the 
adductor brevis muscles were identified. Both the 
anterior (mostly sensory) and the posterior (mostly 
motor) branches of obturator nerve are located in 
the fascial boundary of adductor brevis muscle. The 
tip of needle was advanced from lateral under the 
plane of anterior fascia of adductor brevis muscle. The 
position was verified by feeling the loss of resistance 
and the spread of local anesthetic. A total amount of 

5 mL was injected after careful aspiration. The needle 
was inserted to superficial from the deeper fascia of 
adductor brevis muscle. The careful aspiration and 
the injection of 5 mL of 0.25% of bupivacaine was 
repeated.

Sciatic nerve: The anterior approach was selected. 
The femur was identified according to its intensive 
echogenic cap and the corresponding shadow behind 
it. The sciatic nerve is located medially from the bone 
under the fascia of adductor magnus muscle. The 
needle was conducted in-plane, the passage through 

FIGURE 2. Ultrasound anatomy of femoral, obturator and 
sciatic nerves. Markers are on the medial side.
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the fascia was confirmed by experiencing the pop. 
Totally 15 mL of 0.25% bupivacaine was injected after 
careful and repeated aspirations.

Performing LIA

Local infiltration analgesia was carried out by 
the operating orthopedic surgeon. Totally 10-10 mL 
of short- and long-acting local anesthetics (20 mg 
lidocaine, 0.01 mg adrenalin; 100 mg ropivacaine), 1 mL 
(30 mg) ketorolac and 5 mL (500 mg) tranexamic acid 
were diluted by 50 mL 0.9% sodium chloride (NaCl) 
under aseptic conditions. After proper resection of 
patella, tibial, and femoral surfaces approximately 
half of this solution were infiltrated to the posterior 
and lateral capsule structures and around collateral 
ligaments, while the tourniquet was still inflated. 
After this infiltration tourniquet was released, an 
adequate hemostasis was achieved, and cementation 
of implant components were performed. After wound 
closure, the remaining amount of mixture was injected 
into the skin and the subcutaneous tissue around the 
approach.

All patients received the standard postoperative 
analgetic regime. The postoperative pain was 
controlled by administration of scheduled oral 
non-steroid anti-inflammatory drugs (NSAIDs) 
and low-dose (25 mg) tramadol on time-contingent, 
around-the-clock basis. The pain was checked 
regularly, and tailored analgesics were administered 
as needed according to the decision of the physician, 
who was blinded to the study interventions. The data 
were collected separately in the operating theatre 
and on the ward aiming to ensure the double-blind 
manner, as certain as possible. Intensity of pain 
was expressed according to Numerical Rating Scale 
(NRS) from 0 to 10.[14] The patients were asked to rate 
their pain verbally by an independent person (ward 
physician or nurse), who had no information about the 
type of intervention. The NRS values were registered 
every 4 h until midnight, and every 8 to 12 h on the 
first postoperative day.

Postoperative physical training was started on the 
first postoperative day. To assess the muscle weakness 
described in the literature, physical therapists 
recorded that whether they detected muscle weakness 
which hindered physiotherapy. Outcome parameters 
were the evaluation of pain until the evening of 
first postoperative day (24 to 36 h), mobilization, 
and blood loss in the first three postoperative days. 
In the absence of contraindications, on the first 
postoperative day, physical therapists measured the 
range of articular movement in an unloaded (sitting) 
position, helped the patients to stand up and walk 
using elbow crutches or walking frame, which is a 
pivotal issue for rapid recovery. Second-day task was 
to walk short distances (10 to 30 m) and, on the third 
postoperative day, stair climbing was instructed. If 
any of these tasks could not be carried out, due to 
muscular weakness, it was considered to be decreased 
muscular function.

Serum hemoglobin levels were also measured 
preoperatively, on the first and on the third 
postoperative days.

Statistical analysis
Sample size calculation was performed using 

an online calculator (https://clincalc.com/stats/
samplesize.aspx). Anticipating means 6 and 4 for 
the two groups (1:1 ratio) with 2 as standard 
deviation for nerve blockade group (0.05 for alpha 
with 80% power), the sample size was calculated 
as 32 (16 for each groups).[15] A dropout rate of 10% 
was expected. Due to the uncertainty of efficacy 
of locally administered tranexamic acid, at least 
50 participants were planned to be included in each 
group.

Statistical analysis was performed using the IBM 
SPSS version 23.0 software (IBM Corp., Armonk, NY, 
USA). Descriptive data were presented in median and 
interquartile range (IQR) or number and frequency, 
where applicable. The median values of the different 
groups were compared using the Mann-Whitney U test 

TAblE I
Demographic characteristics of patients

Nerve blockade group LIA group Control group

n n % Median IQR n n % Median IQR n n % Median IQR

Age (year) 50 70.0 66.5-75.5 52 70.0 63.0-75.0 59 67.0 62.0-74.0

Sex

Male

Female

50

18

36

32

64

52

17

35

33

67

59

20

39

34

66

BMI (kg/m2) 50 30.6 27.8-34.5 52 31.8 27.4-36.1 58 32.0 28.5-35.2

LIA: Local infiltration analgesia; IQR: Interquartile range; BMI: Body mass index.
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and the occurrence rates using the chi-square test. 
Confidence intervals (95%) were calculated according 
to the formula described by Hosmer-Lemeshow. A p 
value of <0.05 was considered statistically significant.

RESUlTS

There was no significant difference in the baseline 
demographic characteristics of the patients among the 
groups (Table I). No adverse reactions were observed. 

The intensity of pain was maximal between 4 and 
8 h after the competition of surgery in each group 
(Figure 3), when the effect of spinal anesthesia was 
ceased. In this period, tolerable pain (NRS ≤3) was 
observed in 52%, 42%, and 19% of nerve blockade, 

LIA, and control groups, respectively (Figure 4). 
A high intensity of pain (NRS >8) was reported 
in 10% and in 14% of nerve blockade and control 
groups, respectively (p<0.008); however, it was not 
found in the LIA group. The pain occurred in the 
same areas in all groups, while the anterior region 
was less painful in nerve blockade group. The LIA 
group received a higher number of doses of 100 mg 
of tramadol intravenously (10% vs. 0%, respectively; 
p<0.008), although there was no significant difference 
in doses of NSAIDs, 50 mg of intravenous of 150 mg 
of oral tramadol, and fixed pharmaceutical orally 
administered mixture of 75 mg of dexketoprofen and 
25 mg of tramadol.

FIGURE 3. The maximum of pain intensity at postoperative 36 h. (a) in numbers of 
patients; (b) in percentage of group.
LIA: Local infiltration analgesia; * p<0.005; ‡ p<0.0001.
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Postoperatively, at 24 to 36 h, tolerable pain was 
observed in 19%, 3%, and 10% of nerve blockade, LIA, 
and control groups, respectively. A high intensity 
of pain was reported only in the control group 

(8%). The patients of LIA group received a higher 
number of doses of 50 mg of tramadol intravenously 
(4% vs. 0%, respectively; p<0.01), although there was 
no significant difference in doses of NSAIDs, 100 mg 

FIGURE 4. The intensity of pain: tolerable (NRS ≤3), moderate (NRS 4-6), high (NRS 6-8) and 
worst possible (NRS >8). a) in numbers of patients; b) in percentage of group.
LIA: Local infiltration analgesia; NRS: Numerical Rating Scale; * p<0.05; ** p<0.01; *** p<0.005; † p<0.001; ‡ p<0.0001.

(a)

(b)
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of intravenous of 150 mg oral tramadol, and fixed 
pharmaceutical orally administered mixture of 75 mg 
of dexketoprofen and 25 mg of tramadol. For power 
analysis, the common language effect size for pain 
in each referred interval was communicated, falling 
in each group between 0.507 and 0.674. The value 
between 0.5 and 0.7 is usually interpreted as the 
intermediate effect.[16]

The decline in hemoglobin levels between the first 
and third postoperative days was significantly lower 
in the LIA group (Table II). Transfusion of packed red 
cells was needed in one patient in the nerve blockade, 
and in one patient in the control group, but none of 
the patients in the LIA group. The common language 
effect size for decrease of hemoglobin levels between 
the first and third postoperative days fell between 
0.533 and 0.649. No adverse effect was observed 
among the groups.

DISCUSSION

Peripheral nerve blockades have a prominent role in 
modern anesthesia. The knee joint is innervated by the 
femoral-, sciatic-, and obturator nerve. In addition, the 
femoral nerve is the most important and easiest nerve 
to find with ultrasound; however, anesthesia of other 
nerve fibers may theoretically improve analgesia 
without significantly increasing costs and time.

In the present study, we performed the blockades 
of these nerves in supine position mostly under 
spinal anesthesia after surgery. Ultrasound guidance 
allows us to achieve successful field blocks, which 
remarkably lessens the risk of persistent neural 
impairment. A further advantage can be that field 
block underneath the iliac fascia allows the spread of 

the local anesthetic to the lateral femoral cutaneous 
nerve. These surgeries were done with an inflated 
tourniquet to minimize the intraoperative blood loss. 
The tourniquet, itself, can be a source of postoperative 
pain causing pressure damage of nerves.

Local infiltration of the joint during surgery with 
local anesthetics has been a known modality for 
decades, revived in 2008 by Kerr and Kohan.[17] Its 
theoretical background lies in the assumption that 
pain is best alleviated at the site of its development, in 
the present case in the knee joint itself. The advantage 
is that the motor functions remain intact. Nearly all 
lateral femoral cutaneous nerve is blocked by LIA. 
In our study, tranexamic acid was also added to 
the solution to reduce blood loss besides systematic 
administration. In the present study, in the field of 
pain relief between the LIA and the block group, 
neither was superior to the other. Adding tranexamic 
acid to the LIA solution may decrease the risk of 
bleeding.

In the current study, the pain was maximal 
between 4 and 8 h postoperatively, when the effect 
of the spinal anesthetic drugs disappeared. During 
this critical period, significantly a higher number 
of patients reported low pain (NRS ≤3) in the LIA 
and block groups than in the control group. None 
of the patients complained of high-intensity pain 
(NRS >8) in the LIA group, which was a significant 
difference from the block and control groups. 
At 24 and 36 h postoperatively, the difference 
narrowed, which correlates with our pharmacological 
knowledge, as the effect of these drugs subsides 
over this time. The only notable being for the rescue 
analgesics, that lower pain values were seen in the 

TAblE II
Serum hemoglobin levels

Nerve blockade group LIA group Control group

Median IQR Median IQR Median IQR

Hemoglobin (g/L)

Preoperative 142 130-153 143 135-151 140 133-151

POD 1 123 115-135 124 114-132 124 114-132

POD 3 120 112-126 120 114-130 120 111-126

Decrease in hemoglobin (%)

POD 1 13 8-17 14 9-16 12 8-16

POD 3 15 12-19 14 10-19 15 10-20

POD 1-POD 3 3 0-8 1a,b -3-4a,b 3 1-9

LIA: Local infiltration analgesia; IQR: Interquartile range; POD: Postoperative day; a: p<0.05 compared to nerve blockade group; b: p<0.005 
compared to control group.
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LIA group, which were achieved besides higher doses 
of tramadol.

In our hospital, on the first postoperative day, 
physical therapists help the patients to stand up and 
walk using elbow crutches or walking frame, which 
is a pivotal issue for rapid recovery. The second-day 
task was to walk short distances (10 to 30 m) and, 
on the third postoperative day, stair climbing was 
instructed. If any of these tasks could not be carried 
out, due to muscular weakness, it was considered 
to be decreased muscular function. Based on the 
responses of our physical therapists, it was clear that 
the physiotherapy started on the first postoperative 
day was not hampered by the peripheral nerve block.

A couple of studies employed local anesthetic 
administered to only femoral nerve,[3-10] only in 
two studies provided blockade each of the three 
the nerves supplied the joint of the knee.[11,12] A 
systematic review reported less overall pain scores, 
opioid consumption, and more extended overall 
range on motion in the first 72 h after TKA, when 
femoral nerve block was combined with sciatic 
or obturator nerve block or with both.[18] In one of 
these studies, the femoral and sciatic nerve were 
blocked with or without obturator nerve blockade. 
Interestingly, obturator nerve block was seen also in 
60% in the other group due to possible 3-in-1 block as 
described by Winnie et al.[19] Complete analgesia was 
achieved in 87.5% vs. 77.8% of patients, respectively 
and the total morphine consumption was higher in 
the patients without obturator nerve blockade.[11]

A recently conducted study compared the 
continuous intraarticular administration of 
ropivacaine with the combined continuous femoral, 
sciatic, and single-shot obturator nerve block.[12] A 
slightly better pain relief, but more frequent motor 
blockade, and even persisting quadriceps weakness 
were observed in the perineural catheter group.

There is a limited number of studies comparing 
analgetic properties of LIA and femoral nerve 
blockade (single dose or continuous) in the literature. 
Some of them have proved that LIA is superior,[20-22] 
while some others have suggested that although its 
analgesic effect is similar to the blockade, LIA is 
easier to perform and is not associated with motor 
block.[2,3-5,7,14-29] Based on our results, we can speculate 
that, in the immediate postoperative period, both 
LIA and extended block significantly reduce pain 
and, therefore, their use is definitely recommended. 
Between the LIA and the block group, neither was 
superior to the other in our study. However, due to 
the time spent and the lower costs, we have reasons 

to assume that the use of LIA in our hospital may be 
preferable.

Intraoperative blood loss requiring transfusion 
is negligible in primary TKA owing to the effect 
of tourniquet. In our hospital, in the absence of 
contraindications, we routinely administer tranexamic 
acid for TKA and hip arthroplasties. In our study, 
in the LIA group, the patients received 500 mg of 
tranexamic acid in addition to the analgesic drugs 
into the knee joint. The decline in hemoglobin levels 
was significantly lower in the LIA group than the 
control and block groups. The study showed no 
significant side effects of additional tranexamic acid 
to LIA solution. These findings suggest that a topical 
anesthetic may actually reduce the risk of bleeding. 
Nevertheless, further studies are needed to support 
our promising results.

The main limitation of the present study is the 
lack of data regarding the development of chronic 
pain syndrome. Initially, we planned to investigate 
this aspect; however, the second wave of novel 
coronavirus 2019 (COVID-19) pandemic did not allow 
us to examine this subject.

In conclusion, our study demonstrates that LIA 
technique offers a fast and safe treatment option for 
pain relief. Significant advantages were also achieved 
in blood loss. However, in terms of pain relief, the 
extended nerve block can be considered equivalent 
to LIA. No clinically relevant muscle weakness was 
observed among the groups according to the field 
block applications. At the discretion of the physician, 
this is also an appropriate method for postoperative 
analgesia.
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