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Abstract Objective To compare patients undergoing total knee arthroplasty (TKA) under
spinal anesthesia and single femoral nerve block (FNB) with subjects undergoing
TKA under spinal anesthesia and periarticular infiltration (PAI).
Materials and Methods A total of 100 patients undergoing primary TKA were
randomized into two groups. Group 1 included patients undergoing surgery under
FNB associated with spinal anesthesia, while group 2 included patients undergoing TKA
under IPA and spinal anesthesia. The assessment of these subjects in the early
postoperative period included pain, active flexion, active extension, elevation of the
extended limb, and morphine use.
Results There was no significant difference in the types of analgesia concerning pain,
the elevation of the extended limb, and morphine use. Active flexion and extension
were better in the PAI group (p¼0.04 and p¼ 0.02 respectively).
Conclusion We conclude that the techniques are similar regarding pain control, limb
elevation, and morphine use. The use of IPA provided better active flexion and
extension during the hospital stay compared to single FNB in patients undergoing TKA.
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Introduction

More than 80% of patients who undergo surgical procedures
experience acute postoperative pain, and approximately 75%
of them classify this pain as moderate or severe. Evidence
suggests that postoperative pain treatment is often inade-
quate, with direct effects on quality of life, recovery, and the
risk of postoperative complications, such as chronic pain.1–4

Among the methods to control pain after total knee
arthroplasty (TKA), femoral nerve block (FNB) using a cathe-
ter and intermittent anesthetic infusion provides good post-
operative analgesia. However, its potential disadvantages
include a decrease in quadriceps activation, resulting in
lower muscle control during gait and increased risk of falls.
Recent studies5–12 have demonstrated that intraoperative
periarticular infiltration (PAI), using a cocktail of medica-
tions, produces an analgesic effect similar to that of FNB,with
the advantage of not compromising muscle function.

The present studyaimed to evaluate and compare patients
undergoing TKA under spinal anesthesia and single FNB to
patients undergoing the same procedure but under spinal
anesthesia and PAI. The assessment of these subjects in the
early postoperative period included pain, knee range of
motion (ROM), ability to lift the limb, morphine require-
ment, and complications. We hypothesize that PAI produces
the same analgesic effect in the early postoperative period of
TKA compared to FNB, but with a lesser impact on muscle
function in the initial rehabilitation phase.

Materials and Methods

In total, 100 patientswith an indication for TKAwere initially
selected and randomized into two groups. Group 1 included
50 patientswho underwent TKAunder spinal anesthesia and
simple (single) FNB, andgroup 2 consisted of 50 patientswho

underwent the same surgical procedure but under spinal
anesthesia and PAI.

The inclusion criteria were patients of both sexes, aged 18
or older, and undergoing primary TKA for advanced osteo-
arthrosis. The exclusion criteria were patients with allergies
to any of the medications included in the research protocol,
contraindication to or failure of spinal anesthesia, known
abusers of alcohol or drugs, with rheumatoid arthritis or
other inflammatory diseases, those submitted to previous
surgeries (except for meniscal and ligament injury treat-
ment), those with psychiatric illnesses diagnosed or under
treatment, paralysis, paresis, or paresthesia in the contralat-
eral limb, and patientswho did not agree to participate in the
study.

The participants were initially randomized into 2 groups
of interest using a sequence of random numbers ordered
from 1 to 100 per their entry date into the study. A responsi-
ble person kept the randomization list confidential and
informed the surgeon and anesthetist to which group the
patient belonged before anesthetic induction. This same
person did not participate in any other phase of the study,
having no contact with patients or evaluators. A team
member, a doctor duly trained and blinded to the randomi-
zation, performed data collection.

Group 1 underwent spinal anesthesia with 15mg of
bupivacaine and 100 mcg of morphine; immediately after,
the anesthetist performed a single FNB with 150mg of
ropivacaine and 150 mcg of clonidine aided by a peripheral
nerve stimulator (Stimuplex B. Braun Medical Inc., Melsun-
gen, Hesse, Germany). Group 2 received the same spinal
anesthesia as group 1 and PAI with an analgesic solution
consisting of 150 mcg of clonidine, 30mg of ketorolac,
375mg of ropivacaine, and 1mg of epinephrine diluted in
50mL of saline solution. The surgeon performed PAI during

Resumo Objetivo Avaliar pacientes submetidos a artroplastia total do joelho (ATJ) sob
raquianestesia e bloqueio do nervo femoral (BNF) único e comparar com pacientes
que submetidos a ATJ sob raquianestesia e infiltração periarticular (IPA).
Materiais e Métodos Um total de 100 pacientes submetidos a ATJ foram randomi-
zados em dois grupos. O grupo 1 incluiu pacientes submetidos a ATJ sob BNF associado
à raquianestesia, ao passo que o grupo 2 incluiu pacientes submetidos a ATJ sob IPA
associada à raquianestesia. Os indivíduos foram avaliados no pós-operatório precoce
quanto à dor, à flexão e extensão ativas, à elevação do membro estendido e ao uso de
morfina.
Resultados Não se observou diferença significativa associada ao tipo de analgesia em
relação à dor, à elevação do membro em extensão e ao consumo de morfina. Houve
melhor flexão e extensão ativas no grupo que recebeu IPA (p¼0,04 e p¼ 0,02,
respectivamente).
Conclusão Concluímos que as técnicas utilizadas são semelhantes quanto ao controle
da dor, à elevação de membro e ao uso de morfina. O uso de IPA proporcionou uma
melhor flexão e extensão ativas durante o período de internação hospitalar comparado
ao uso de BNF único em pacientes submetidos a ATJ.
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the procedure, administering 20mL in the posteromedial
capsular region, 15mL in the posterolateral region, and
distributing the remaining volume throughout the femoral
and tibial subperiosteal regions (lateral, medial, and
anterior).

The postoperative assessment followed a logical order,
startingwithpain, activeandpassiveROM, theactive elevation
of the limb, and the amount of morphine used. Patient
evaluation occurred during hospitalization at 24 (first postop-
erative day [1PO]), 48 (2PO), and 72 (3PO) hours postopera-
tively. In the postoperative period, all patients underwent the
same physical therapy protocol and received the same analge-
sia protocol, which included continuous use of 30mg of
codeine every 6hours, 750mg of paracetamol every 8hours,
1 g of dipyrone every 6hours, and 30mg of ketorolac every
8hours for 48hours. The prescription ofmorphine at a dose of
0.05mg/kg every 3hourswas left to the patient’s discretion as
needed.

Pain was assessed through the Visual Analogue Scale
(VAS) as rated by the patient from 0 to 10, with 0 indicating
no pain and 10, the most intense pain. The passive and
active ROM were determined in degrees using a universal
goniometer, with the patient in the supine position. Eleva-
tion of the extended limb is the active elevation distance in
centimeters of the limb measured from the calcaneus
to the physical examination table. Morphine use was quan-
tified in mg/day and subsequently evaluated in the medical
record analysis.

The study occurred from September 2019 to Febru-
ary 2021, and all patients underwent treatment and surgery
using the same surgical technique and implants. The same
anesthesia team performed the anesthetic procedure. The
Teaching and Research Committee of Universidade de Passo
Fundo approved the study in August 2019 (under opinion
3.537.0920), and all patients included signed the informed
consent form (ICF).

Statistical Analysis
The sample size calculation was made using the Windows
Programs for Epidemiologists (Winpepi, freeware) software,
version 11.65 and based on a study by Zhang et al.7 This
calculation reached aminimum total of 44 patients per group
considering a 5% significance level, 80% power, and an effect
size of at least 0.6 standard deviation (SD) between groups
regarding the pain score.

The quantitative and ordinal variables were expressed as
mean� SD values, and the categorical variables were
expressed as absolute and relative frequencies. The Sha-
piro-Wilk test determined data normality. Group compari-
son over time used the generalized estimating equations
(GEE) model complemented by the least significant differ-
ence (LSD) test. The linear model was applied to variables
with normal distribution, while the gamma model was used
for variables with asymmetric or ordinal distribution.

The significance level adopted was of 5% (p<0.05),
and the analyses employed the IBM SPSS Statistics for
Windows (IBM Corp., Armonk, NY, United States) software,
version 28.0.

Results

The study included and analyzed 100 patients. ►Table 1

characterizes the patient sample, and the groups were simi-
lar regarding age, gender, and operated side. The average
hospital stay was of four days for both groups.

There was no statistically significant difference in pain
between the groups, neither were there differences in the
interaction effect between group and time regarding pain
levels. Both groups presented a significantly lower pain level
on 3PO compared to 1PO and 2PO, which do not differ
significantly from each other. Even after adjustment per
daily morphine intake, the outcomes remained similar
between the groups (►Table 2).

Table 1 Sample characterization

Variables Total sample (n¼100) FNB group (n¼ 50) PAI group (n¼ 50) p

Age (years): mean� SD 67.9�7.7 68.1� 7.5 67.7� 7.9 0.400�

Sex: n (%) 1.000��

Male 23 (23.0) 11 (22.0) 12 (24.0)

Female 77 (77.0) 39 (78.0) 38 (76.0)

Location: n (%) 1.000��

Headquarters 69 (69.0) 35 (70.0) 34 (68.0)

Branch 31 (31.0) 15 (30.0) 16 (32.0)

Side: n (%) 0.316��

Right 54 (54.0) 30 (60.0) 24 (48.0)

Left 46 (46.0) 20 (40.0) 26 (52.0)

Hospitalization time (days): mean� SD 4.28�0.52 4.39� 0.53 4.18� 0.48 0.208�

Abbreviations: FNB, femoral nerve block; PAI, periarticular infiltration; SD, standard deviation.
Notes: �Student’s t-test; ��Pearson Chi-squared test.
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The ROM presented a statistically significant difference
between the groups: the PAI group presented significantly
higher mean active flexion on 2PO (p¼0.046) and 3PO
(p¼0.047) when compared to the FNB group (►Fig. 1).
Active extension was significantly different over time be-
tween the groups (significant interaction effect; p¼0.025):
the PAI group presented a significant reduction on 2PO (with
an average value of 0.72), and the FNB group presented a
significant decrease only on 3PO (►Fig. 2). However, despite
the statistical difference between the groups, we believe it
may not be clinically relevant in the medium and long terms.

Active flexion, hip contraction, and elevation parameters
increased significantly from 2PO onwards in both groups.
Morphine use only decreased significantly on 3PO in both
groups.

Table 2 Group comparison of the variables analyzed 1, 2, and 3 days after surgery

Variables FNB group (n¼ 50) PAI group (n¼50) p#

Pain (VAS): mean� SD

1st day PO 4.94� 2.25b 4.94� 2.40b 1.000

2nd day PO 4.86� 2.22b 4.32� 1.98b 0.195

3rd day PO 2.84� 1.80a 2.88� 1.99a 0.915

Difference between the 1st and 3rd days PO (95%CI) �2.10 (�2.68 to �1.52) �2.06 (�2.69 to �1.43) 0.199��

Active ROM in flexion: mean� SD

1st day PO 42.7� 22.4a 47.9� 22.9a 0.248

2nd day PO 56.2� 18.8b 63.4� 17.4b 0.046

3rd day PO 77.8� 15.1c 83.0� 11.2c 0.047

Difference between the 1st and 3rd days PO (95%CI) 35.1 (29.5 to 40.6) 35.1 (29.8 to 40.4) 0.571��

Active ROM in extension: mean� SD

1st day PO 1.30� 2.44b 1.22� 2.17b 0.869

2nd day PO 1.10� 2.32ab 0.50� 1.52a 0.122

3rd day PO 0.80� 1.85a 0.80� 1.85ab 1.000

Difference between the 1st and 2nd days PO (95%CI) �0.20 (�0.47 to 0.07) �0.72 (�1.21 to �0.24) 0.025��

Difference between the 2nd and 3rd days PO (95%CI) �0.30 (�0.73 to 0.13) 0.30 (�0.13 to 0.73)

Difference between the 1st and 3rd days PO (95%CI) �0.50 (�1.00 to �0.00) �0.42 (�1.10 to 0.25)

Elevation (cm): mean� SD

1st day PO 16.9� 21.8a 22.7� 25.4a 0.222

2nd day PO 26.6� 24.2b 35.2� 25.0b 0.078

3rd day PO 39.4� 23.6c 43.3� 23.7c 0.401

Difference between the 1st and 3rd days PO (95%CI) 22.5 (18.1 to 26.9) 20.7 (15.4 to 26.0) 0.160��

Morphine use (mg)

1st day PO 3.62� 3.95b 4.20� 4.51b 0.489

2nd day PO 2.71� 3.71b 2.95� 3.08b 0.722

3rd day PO 0.59� 1.39a 1.16� 2.87a 0.201

Difference between the 1st and 3rd days PO (95%CI) �3.03 (�4.02 to �2.04) �3.04 (�4.48 to �1.60) 0.880��

Abbreviations: 95%CI, 95% confidence interval; FNB, femoral nerve block; PAI, periarticular infiltration; PO, postoperatively; ROM, range of motion;
SD, standard deviation; VAS, Visual Analog Scale.
Notes: �þ¼ 1/þþ¼ 2/þþþ¼ 3/þþþþ¼ 4; ��group versus time interaction effect; a,b,cIntragroup comparison: equal letters denote lack of
difference per the least significant difference (LSD) test at 5% significance; #comparison between the groups using the LSD test and the generalized
estimating equations (GEE) model.

Fig. 1 Assessment of the active range of motion (ROM) in flexion per
time and study group. FNB, femoral nerve block; PAI, periarticular
infiltration.
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Two patients (one from each group) had allergic reac-
tions: itching and rash; and one patient (from the FNB group)
fell to the ground from their own height on 2PO, with no
other consequences.

Discussion

Several studies have demonstrated that FNB and PAI are
reliable techniques to control pain in the early TKA postop-
erative period.5,10 Inadequate pain control in the TKA post-
operative period increases the risk of chronic pain, resulting
in lower quality of life, prolonged hospital stay, and increased
treatment costs.13–15

The present study aimed to compare a single FNBwith PAI
in the early TKA postoperative period. We confirmed the
hypothesis of adequate pain control associated with better
muscle contraction capacity during the early postoperative
phase in the PAI group. The single FNB group presented a
deleterious effect on muscle function evidenced by active
flexion and extension during the initial rehabilitation phase,
consistent with the suggestion by some authors.5,7,16

The primary sensory innervation of the knee comes from
the femoral nerve anteriorly and the posterior cutaneous
nerve of the thigh posteriorly. Single FNB or continuous
analgesia with a catheter are postoperative analgesia meth-
ods that provide better pain control and reduce opioid
consumption and its adverse effects.12 However, it is worth
highlighting that regional anesthetic techniques require a
specialist in anesthesia, present a failure rate of 0% to 67%,
and the riskof falls due tomotor inhibition has been reported
by some authors,16–22 mainly with the use of blocks with a
continuous anesthetic release via a catheter. In the present
study, a patient from the FNB group fell on 2PO. Although the
patient did not present any major motor limitations during
the evaluation, we cannot exclude the FNB as a causal factor.

In the clinical practice, PAI gained prominence due to the
fact that several studies have shownoutcomes comparable to
those of FNB in controlling pain and opioid use.7–9,11,12 In a
systematic review of 14 randomized clinical trials, Albrecht
et al.5 demonstrated pain relief and similar postoperative

functional outcomes between the FNB and PAI techniques.
Wall et al.10 randomized 230 patients with an indication for
TKA and found no statistical difference between groups
undergoing PAI and FNB. In this study,10 it is worth highlight-
ing that the anesthetic techniques were performed by
59 anesthetists and 33 surgeons, representing high variabili-
ty in execution but preserving the reproducibility of the
outcomes.

Regarding morphine use during hospital stay, some pro-
spective studies7,8,12 did not find significant differences. In
contrast, Parvataneni et al.11 observed divergent data, show-
ing a greater morphine intake on 1PO in patients undergoing
PAI. In the present study, subjects fromboth groups showed a
gradual decrease in morphine use throughout the days, and
there was no difference between the groups.

Regarding knee mobility, we found a significant active
mobility gain in subjects from the PAI group. Berninger et al.9

andWall et al.10 observed a greater flexion capacity in patients
undergoing PAI, more evident on 1PO and 2PO, respectively.

Despite the difference in active mobility, in the present
study we did not find significant differences between the
groups regarding lower limb elevation. We believe that the
lack of difference may be associated with the performance of
a single FNB, that is, with no continuous anesthetic infusion.
This result is not consistent with those of Parvataneni et al.,11

who found a better ability to lift the extended limb on 1PO in
the PAI group and similar pain scores during the postopera-
tive hospitalization, suggesting that PAI provides pain con-
trol equivalent to that of FNB while maintaining the motor
strength of the quadriceps.

Recently, some studies evaluated the adductor canal block
(ACB) and compared it with FNB and the association of ACB
and PAI. The ACB resulted in outcomes similar to those of FNB
in terms of analgesia control, but with less motor involve-
ment than the FNB.23–25 Regarding the association of ACB
and PAI, Goytizolo et al.26 reported no difference in the
addition of ACB to PAI alone. However, further studies are
required to elucidate this issue.

We believe that the present study has certain critical
points. All patients were operated on by the same surgical
and anesthetic teams, receiving the same protocol of PAI,
FNB, and analgesic medication. To keep the procedure more
reproducible in locations with no ultrasound-assisted FNB
available, we opted for the single FNB technique, since the
continuous infusion technique requires specific training and
appropriate equipment. We did not use medium and long-
term functional scores or quality of life and mental health
assessment scores.Wemust highlight that the lackof specific
studies with the same group of patients in the literature
limits the precision of sample size calculation. As such, the
sample size calculation may be undersized, as the only
reference variable was pain. Thus, even though our results
are consistent with those of the literature, we highlight the
need for future studies for better procedural standardization,
to investigate the effect of combining procedures, and to
assess the clinical relevance of the findings.

Fig. 2 Assessment of the active ROM in extension per time and study
group. FNB, femoral nerve block; PAI, periarticular infiltration.
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Conclusion

We concluded that pain control, limb elevation, andmorphine
use were similar between analgesia techniques. The PAI tech-
nique provided greater capacity for active knee extension and
flexion during the first three postoperative days.
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