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Adductor canal block combined

with genicular nerve block versus local
infiltration analgesia for total knee
arthroplasty: a randomized noninferiority trial

Tong Mu', Baohong Yuan'"", Ke Wei' and Qian Yang'

Abstract

Objective This randomized controlled and double-blind study aimed to investigate whether the analgesic effect
of the adductor canal block (ACB) combined with the genicular nerve block (GNB) after total knee arthroplasty is
noninferior to that of the adductor canal block combined with local infiltration analgesia (LIA).

Methods A total of 102 patients undergoing total knee arthroplasty under general anesthesia were included and
randomly divided into: ACB+GNB and ACB+ LIA groups; the ACB+ LIA group received 80 mL of 0.2% ropivacaine
with adrenaline 10 pg/mL for LIA, whereas the ACB+GNB group received 4 mL of 0.2% ropivacaine for the blockade
of five peri-knee nerves. The primary outcome was the median difference in the visual analog scale scores at rest at
24 h between the two groups. Secondary outcomes involved the median differences in the pain scores at other time
points. Other outcomes included the cumulative dosage of opioids calculated in morphine equivalents in the first
24 h and indicators related to knee joint functional recovery.

Results In total, 36 and 38 patients were included in the ACB+GNB and ACB+LIA groups, respectively. We found
that the median difference (95% confidence internal) in postoperative rest pain at 24 h (noninferiority criteria, /\ = 1)
was —0.5 (= 1to 0, p=0.002). The median difference in cumulative opioid consumption was 1 mg (=1 to 3, p=0.019),
meeting the noninferiority criteria, N=77 mg.

Conclusions ACB combined with GNB provides noninferior analgesia compared to ACB with LIA on the first day after
total knee arthroplasty while significantly reducing local anesthetic use.

Trial registration Name of the Registry: Chinese Clinical Trial Registry; Trial Registration Number: ChiCTR2300074274;
Date of Registration. August 2, 2023.
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Introduction

Background

Total knee arthroplasty (TKA) is one of the most com-
mon surgical procedures, and effective postoperative
pain management has become increasingly important
for patients within the framework of enhanced recovery
after surgery [1, 2]. Regional anesthesia is an important
method in postoperative pain management as it pro-
motes early mobilization and contributes to faster patient
recovery [3].

The latest PROSPECT guidelines [4] recommend com-
bining a single-shot adductor canal block (ACB) with
local infiltration analgesia (LIA) for managing postop-
erative pain after TKA. LIA compensates for the lim-
ited analgesic effect of ACB on the lateral and posterior
aspects of the knee, and the ACB+LIA technique pro-
vides superior pain relief than using either ACB or LIA
alone [5, 6]. However, LIA often requires high doses of
local anesthetics, which may increase the risk of systemic
anesthetic toxicity [7].

Ultrasound-guided genicular nerve blocks (GNB)
effectively treat acute or chronic knee pain by selectively
targeting the terminal sensory nerves. Compared with
LIA, GNB allows the anesthetist to provide analgesia by
ultrasound-guided injection of small doses of local anes-
thetic into three, four, or five key nerves (superior medial
genicular nerve [SMGN], inferior medial genicular nerve
[IMGN], superior lateral genicular nerve [SLGN], infe-
rior lateral genicular nerve [ILGN], and recurrent tibial
genicular nerve [RTGN]) to provide analgesia with a
reduced dose of local anesthetic [8—10]. Genicular nerves
are terminal branches of the femoral, saphenous, and
obturator nerves and may also include branches from the
sciatic nerve, carrying afferent fibers from the knee cap-
sule [11, 12]. From an anatomical perspective, LIA blocks
the posterior capsule of the knee more comprehensively
than GNB. However, the main areas of pain after TKA
are concentrated in the patellar region and the medial
joint line [13]. Additionally, blocking the posterior cap-
sule of the knee may affect the movement of the calf or
foot muscles, and ultrasound-guided GNB is more pre-
cise with small doses of local anesthetic, making this a
viable alternative to LIA. Previous studies have shown
that GNB provides analgesia comparable with that of
LIA [10]. However, no randomized controlled trials have
compared the efficacy of the two combined analgesic reg-
imens, ACB+LIA versus ACB+GNB, for postoperative
analgesia after TKA.

Objective

This noninferiority, randomized controlled trial was
intended to evaluate the combined analgesic efficacy
of ACB+GNB in comparison with that of ACB+LIA
to explore equally effective but safer techniques for
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postoperative analgesia after TKA. We hypothesized that
the combined ACB+GNB could provide analgesia as
effective as the combined ACB+LIA but with a signifi-
cant reduction in the required local anesthetic dose.

Methods

Trial design and participants

This study was a double-blind, prospective, randomized
controlled trial that was approved by the Clinical Medical
Research Ethics Committee of the First Affiliated Hospi-
tal of Chongqing Medical University on April 26, 2023
(Approval No.: 2023—-196). The trial was registered with
the Clinical Trials Registry on August 2, 2023 (Registra-
tion No.: ChiCTR2300074274). Before surgery, all par-
ticipants provided their informed consent. We assessed
the eligibility of patients undergoing their first unilateral
TKA at the First Affiliated Hospital of Chongqing Medi-
cal University from August 2023 to February 2024. The
study adhered to the ethical standards of the Declaration
of Helsinki and the Consort Guidelines. Patients were
included who were aged 18 to 75, of any gender, sched-
uled for unilateral TK, had agreed to participate and
signed the consent form, and who had an American Soci-
ety of Anesthesiologists (ASA) degree of I-1II and a body
mass index (BMI) between 18 and 40 kg/m®. We excluded
patients with allergies to opioids or amide local anesthet-
ics, a history of neurological or coagulation disorders,
previous knee surgery, long-term opioid or significant
alcohol use, cognitive impairments, or who declined
to participate or chose to withdraw from the study. A
researcher conducted preoperative interviews with all
patients to ensure compliance with the study criteria.

Interventions

Preoperative management

The data collector documented the preoperative base-
line characteristics of patients, including gender, age,
BMI, ASA degree, the visual analog scale (VAS) score,
range of motion of knee (ROM), quadriceps strength, and
The Knee Society Score (the Function Score) [14]. After
admission, all patients received an intravenous injection
of parecoxib (40 mg, twice daily) for pain management.
All TKAs were performed by the same team of ortho-
pedic surgeons using a medial patellar approach, with
pneumatic tourniquets and controlled blood pressure
measures during the operation.

Anesthesia, ACB, GNB, and LIA

Anesthesia induction was achieved through the intra-
venous administration of midazolam at 0.04 mg/kg,
propofol at 1-2 mg/kg, sufentanil at 0.3-0.5 pg/kg, and
vecuronium at 0.08-0.1 mg/kg. Anesthesia was main-
tained using 1-2.5% sevoflurane, propofol at 2 mg/
kg/h, remifentanil at 0.15 pg/kg/h, and vecuronium at
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0.02-0.03 mg/kg. The concentration of sevoflurane in
alveolar gas was monitored intraoperatively to maintain
bispectral index values between 40 and 60. Following the
release of the tourniquet, 1.0 g of tranexamic acid was
administered intravenously.

Before surgery, all ACBs and GNBs were performed by
the same experienced anesthesiologist (HKH) involved in
this study. For ACB, the patient was placed in a supine
position, with the operative limb externally rotated and
the knee slightly flexed. A high-frequency ultrasound
probe (HFL38x/13-6 MHz Transducer, SonoSite Inc.,
Bothell, WA, USA) was placed transversely at the mid-
point of the line connecting the patella and the anterior
superior iliac spine. The femoral artery, vein, sartorius
muscle, vastus medialis, and adductor longus were first
identified. The hyperechogenic lateral to the femoral
artery, identified as the saphenous nerve, was targeted
(Fig. 1). An in-plane approach was used to advance the
needle (USG TYPE CCR ¢0.8(21G)x 50 mm, HAKKO
Medical, Nagano, Japan) to this area. Both groups of
patients received an injection of 0.33% ropivacaine (20
mL), ensuring uniform spread of the solution laterally to
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the femoral artery under ultrasound guidance to guaran-
tee complete blockade.

Following the ACB, the same anesthesiologist pro-
ceeded with the GNB. In line with the latest studies [10,
15], the GNE targeted five peri-knee nerve branches:
SMGN, IMGN, SLGN, ILGN, and RTGN. In the
ACB+GNE group, 4 mL of 0.2% ropivacaine was admin-
istered to each nerve, whereas in the ACB+LIA group, 4
mL of saline was administered to each nerve. The ultra-
sound probe was placed laterally around the medial
supracondylar area of the femur and the medial vastus
muscle, and femoral echogenicity became visible. The
superior medial genicular artery, lying superficial to the
femur, was identified, with the SMGN typically located
near this artery. The local anesthetic was injected adja-
cent to the artery (Fig. 2a).

IMGN: The ultrasound probe was placed over the
medial condyle of the tibia, and the inferior medial genic-
ular artery was located near the neck of the tibia and
under the medial collateral ligament. The IMGN typically
runs alongside this artery, and the local anesthetic was
injected adjacent to the artery (Fig. 2b).

Fig. 1 Ultrasound images for ACB (adductor canal block). SM, sartorius muscle; AL, adductor longus; VM, vastus medialis; FA, femoral artery; FV, femoral

vein; SN, saphenous nerve
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Fig. 2 Ultrasound landmarks for GNB (genicular nerves block). SMGN, superior medial genicular nerve ; IMGN, inferior medial genicular nerve; SLGN,
superior lateral genicular nerve ; ILGN, inferior lateral genicular nerve ; RTGN, recurrent tibial genicular nerve; T, tibia; TT, tuberositas tibiae; GT, Gerdy's
tubercles; VL, vastus lateralis; VM, vastus medialis; MFC, medial femoral condyle; MTC, medial tibial condyle ; LFC, lateral femoral condyle

SLGN: The ultrasound probe was placed over the lat-
eral condyle of the femur, and the superior lateral genicu-
lar artery was found just beneath the surface, deep within
the lateral vastus muscle. The SLGN is typically located
near this artery, and the local anesthetic was injected
adjacent to the artery (Fig. 2c).

ILGN: The ultrasound probe was placed over the lat-
eral condyle of the tibia. At the level of the knee joint line
and just beneath the surface of the tibia, the inferior lat-
eral genicular artery was located deep to the lateral col-
lateral ligament. The ILGN typically runs alongside this
artery, and the local anesthetic was injected adjacent to
the artery (Fig. 2d).

RTGN: The ultrasound probe was placed transversely
between the tibial tuberosity and the Gerdy’s tubercle,
and the anterior recurrent tibial artery was located just
beneath the surface, deep to the tibialis anterior mus-
cle. The RTGN typically runs alongside this artery, and
the local anesthetic was injected adjacent to the artery
(Fig. 2e).

Most of the time, these nerves are not clearly visible;
thus, the areas near the corresponding genicular arteries
are often targeted instead. If the genicular arteries cannot
be located, the anesthetic solution is injected along the
bone surface, based on the anatomical positions of bones
and muscles.

The standard LIA was performed intraoperatively
by the same orthopedic surgeon. In the ACB+LIA
group, an initial injection of 40 mL of 0.2% ropivacaine
with epinephrine at a concentration of 10 pug/mL was

administered into the posterior fascial plane of the pos-
terior joint capsule following osteotomy. Then, after
prosthesis implantation, 10 mL of the same solution was
injected into the fascial plane surrounding each collateral
ligament. Finally, 20 mL of the same solution was used
for subcutaneous infiltration analgesia along the superfi-
cial fascial plane and was completed before skin closure.
The ACB+GNB group received 80 mL of saline with the
same performance.

Postoperative management

After surgery, each patient was administered 4 mg of
ondansetron to prevent postoperative nausea and vomit-
ing. Patients were transferred to the post-anesthesia care
unit (PACU) for care and patient-controlled intravenous
analgesia (PCIA) was used with all patients. Patients were
discharged to the general ward when PACU discharge
criteria were met. The PCIA formulation was as follows:
800 mg of tramadol was diluted with normal saline to a
total volume of 80 mL. The electronic pump parameters
were an initial dose of 1 mL, bolus dose of 1 mL, and
lockout of 10 min. Otherwise, all patients received a stan-
dard postoperative analgesia regimen, including 40 mg of
parecoxib twice daily and 100 mg of flurbiprofen axetil
twice daily. All patients began physical training of the
knee joint at 2 h postoperatively and were encouraged to
leave their bed as early as possible.
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Outcome

Data collection was performed by the data collector
who was blinded to the randomization. The duration of
the intraoperative tourniquet use and of operation were
recorded. The primary outcome was the median differ-
ence in the VAS scores at rest at 24 h between the two
groups.

Secondary outcomes involved the median differences
in rest VAS scores at PACU and 6 and 12 h after surgery,
as well as the median differences in the VAS scores on
movement at 6, 12, and 24 h after surgery between the
groups. Other outcomes included ROM and quadriceps
strength on the first postoperative day; cumulative dos-
age of opioid calculated in morphine equivalents at the
first 24 h; [16] time to first mobilization; time to first
press (PCIA); duration of postoperative hospital stay;
time to perform the blocks; incidence rates of postopera-
tive nausea and vomiting (PONV); and rates of adverse
events.

Sample size

This study aimed to assess whether the postoperative
analgesic effect of ACB+GNB is noninferior to that
of ACB+LIA, with the median difference in rest VAS
scores at 24 h after surgery between the two groups as
the primary outcome. Considering the previous stud-
ies and the minimum clinically important difference,
this study set the noninferiority margin at 1 [17]. Based
on pilot data with 20 patients, who received ACB+GNB
and ACB+LIA, the meanztstandard deviations (SDs)
of 2.36+1.50 and 2.64+1.62 were assumed for the 24-h
postoperative VAS score distributions at rest. Using an
a of 0.025 and a power of 90%, the study required 33
patients per group, and assuming a 20% dropout rate, we
enrolled 42 patients per group. Based on a previous LIA
study using PCIA for postoperative analgesia, the nonin-
feriority margin of total intravenous morphine consump-
tion was set at 7.7 mg in this study [18].

Randomization

Herein, a computer-generated random number table
and corresponding group assignments were created. To
ensure allocation concealment, all random numbers were
sealed in opaque, numbered envelopes. Then, after par-
ticipants were enrolled, researchers sequentially drew the
envelopes in the order of enrollment to determine the
treatment group that participants were assigned to. The
allocation of pain-relief techniques and group assign-
ments remained blinded to surgeons, anesthesiologists,
nurses, physiotherapists, data collectors, and statistical
analysts. All local anesthetic solutions were prepared by
the investigator, who was the only individual aware of
group assignments.
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Our analysis population is the per-protocol (PP) popu-
lation. Patients who were lost to follow-up or withdrew
from the study were not included in statistical analyses.
Statistical analyses were conducted using IBM SPSS 23.0
(IBM Corporation, Armonk, NY, USA), and noninferior-
ity tests were performed with SAS 9.4 software. Normally
distributed continuous data are expressed as mean+stan-
dard deviation, while non-normally distributed measures
are expressed as median (M) and interquartile range
(IQR). Repeated measures data were analyzed using a
generalized linear mixed model (GLMM) to compare
group effects, time effects, and group-time interaction
effects. For the remaining measures, group comparisons
were made using the t-test or Mann-Whitney U test. Cat-
egorical data are presented as the number or cases (%),
and the x2 test was used for comparison between groups.
In these tests, p<0.05 was considered significant. In the
noninferiority test, the comparison of VAS scores and
opioid consumption in the first 24 h was conducted using
the Hodges—Lehmann method to calculate the 95% con-
fidence interval (95% CI), while a one-sided Wilcoxon
rank-sum test was used to verify noninferiority, with
p<0.025 considered statistically significant.

Result
A total of 102 patients scheduled for elective primary
TKA were assessed for eligibility, and 18 patients were
excluded. All enrolled patients (n=84) were randomized
into two groups. In total, 74 patients were included in the
final analysis, with 36 in the ACB+GNB group and 38 in
the ACB+LIA group (Fig. 3). No significant differences
were found in the baseline characteristics between the
two groups (Table 1). The time to perform GNE for both
groups was around 5 min. In five patients, at least one
artery was not observed, and the block was performed
according to the corresponding anatomical landmarks.
Primary, secondary, and other outcomes are shown in
Table 2. The median (IQR) VAS scores at rest at 24 h for
the ACB+GNB and ACB+LIA groups were 3 (1.25-4)
and 3 (2-4.25), respectively (Fig. 4). The 95% CI for the
median difference was —0.5 (=1 to 0), with the upper
limit being less than the noninferiority margin of 1, meet-
ing the criteria for noninferiority (p<0.01). The group
t-test at this time point indicated that the VAS scores
for the ACB+GNE were not superior to those for the
ACB+LIA group (p>0.05). At other time points as well,
the ACB+GNB group showed noninferior pain relief
to that of the ACB+LIA group, both at rest and during
activity (Fig. 5). The median (IQR) cumulative opioid
consumption in intravenous morphine equivalents dur-
ing the first 24 h was 10.5 mg (7-12.5) for ACB+GNB
versus 8 mg (5.75-10.5) for ACB+LIA. The 95% CI for
median differences for postoperative 0—12 and the entire
first day were 0 (—1 to 1) and 1 (-1 to 3), respectively,
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Assessed for eligibility (n=102)

Excluded(n=18)
Not meeting inclusion criteria(6)
Previou knee surgery(8)
Declined to particapate(4)

Randomised(n=84)

;

Group ACB+GNB
Allocated to intervenvtion (n = 42)
*Received allocated intervention (n = 42)

l

Lost to follow-up (n = 2)
Rejected the postoperative
assessments (n = 4)

Analysed(n=36)
Excluded from analysis(n=0)

110

l

Group ACB+LIA
Allocated to intervenvtion (n = 42)
*Received allocated intervention (n = 42)

l

Lost to follow-up (n = 2)
Rejected the postoperative
assessments (n = 2)

Analysed(n=38)
Excluded from analysis(n=0)

Fig. 3 Flow diagram of patients’selection and exclusion. ACB, adductor canal block; GNB, genicular nerves block; LIA, local infiltration analgesia

fulfilling the noninferiority standard of /A\ = 7.7 mg
(Table 2). No significant differences were found between
the two groups in time to first mobilization, time to first
press (PCIA), incidence rates of PONV at first 24 h, as
well as duration of postoperative hospital stay (Table 2).
No patient experienced foot drop or any other adverse
event.

Table 3 presents the results of the GLMM analysis
for repeated measures data (postoperative VAS scores,

postoperative quadriceps strength, and knee ROM). At
12 and 24 h postoperatively, the resting VAS scores were
significantly influenced by the time effect. The group
effect, time effect, and group-time interaction had no
impact on the movement VAS scores. At 12 and 24 h
postoperatively, quadriceps strength was significantly
influenced by the time effect. At 24 h postoperatively,
knee ROM was significantly influenced by the time effect.
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ACB +GNB(n=36)

ACB+LIA(n=38)

Age(years)

Gender(female/male)

ASA(I/N

VAS pain score(prior to surgery)

Body mass index (kg/m2)

KSS function score

Quadriceps strength(degrees)
Duration of operation (min)

Duration of the tourniquet (min)
Left/right

Knee ROM (prior to surgery)(degrees)
Performance time for ACB+GNB (min)
Performance time for GNB (min)

681458 695+60
22/14 28/10
20/16 25/13
3(3-4[1-6) 4(3-4[1-5))
261425 252428
249436 256442
4(4-5[4-5]) 4(4-5[4-5])
1104+153 1045+126
634486 5974104
19/17 16/22
1025+158 97.0+13.1
96+16 92413
53412 49+14

Data are mean SD, median (IQR [range]) or number. VAS, visual analogue scale; KSS, Knee Society Score; ROM, range of motion; ACB, adductor canal block; GNB,

genicular nerves block

Table 2 Primary. secondary and other outcomes

ACB+GNB(n=36) ACB+LIA(n=38) Median difference(95%Cl) p value
Postoperative pain; VAS at rest
Pacu 2(1-3[0-8]) 2(1-3[0-5]) 0(-1t00.9) 0.013*
6h 2(0-4[0-71) 2(1-4[0-9]) 0(-1t0 0.9) 0.010*
12h 3(2.25-4[1-7]) 3(2-4[0-8]) 0(0t009) 0.022%
24 h 3(1.25-4[0-9]) 3(2-4.25[0-10]) -0.5(-1to0 0) <0.01*
VAS on movement
6h 2.5(2-4[1-9]) 3.5(1.75-5[1-9]) 0(-1t00) <0.01*
12h 3(1-5[0-10]) 4(2-5[0-10]) -1(-2t0 0.9) 0.017*
24h 4(3-5[1-100) 4(2.75-5[1-9)) 0(-1100.9) 0.018*
Opioid consumption(mg)
0-12h 3(3-5[1-71) 3(2-5[0-9]) 0-1to1) 0.943
Morphine consumption on POD1 10.5(7-12.5[3-18]) 8(5.75-10.5 [3-16]) 1-1t03) 0.019*
Time of first press(h) 6.8+34 72+32 0317
Time to first mobilization (h) 144+45 16.1+39 0.077
Postoperative hospital stay (h) 7624123 719+158 0.193
PONV at first 24 h 6(16.6) 7(184) 0.403
Postoperative Quadriceps strength(degrees)
6h 3(3-4[2-5)) 3(3-4[2-5)) /
12h 4(3-5[3-5)) 4(3-4.25[2-5]) /
24h 4(4-5[3-5)) 4(4-5[3-5)) /
Knee ROM (degrees) /
12h 745+104 69.5+12.5 /
24 h 87.1+135 83.6+126 /

Data are mean SD, median (IQR [range]), number (proportion) or median difference(95%Cl)

* Non-inferiority test; VAS, visual analogue scale; ROM, range of motion; PONV, postoperative nausea and vomiting; POD1, Postoperative day 1

Discussion

Our results demonstrate that ACB+GNB indeed showed
noninferior analgesic effects for postoperative 24-h VAS
scores, which was also reflected at other time points in
the first 24 h. Additionally, both groups exhibited non-
inferiority for opioid consumption over 24 h after sur-
gery. In the GLMM analysis, the results indicated that
VAS scores, quadriceps strength, and knee ROM were
all affected by the time effect, with the most significant

impact observed at 24 h postoperatively. These findings
suggest that paying attention to pain levels and knee
function recovery at this time point is particularly impor-
tant, and also confirm that selecting 24 h postoperatively
as the primary time point in this study was appropriate.
ACB, GNB, and LIA are all distal nerve blocks for the
lower limb that preserve motor function, making them
popular choices among anesthesiologists and surgeons
[19]. In previous studies, the median pain score during
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Fig. 4 Box plots for VAS(visual analogue scale) scores at PACU; 6 h; 12 h; and 24 h.The blue lines represent group ACB +GNB; The red lines represent group
ACB+LIA. The thin lines represent the scores at rest; The thick lines represent the scores on movement. ACB, adductor canal block; GNB, genicular nerves
block; LIA, local infiltration analgesia.
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represents median differences at rest; The red lines represents median differences on movement. ACB, adductor canal block; GNB, genicular nerves block;
LIA, local infiltration analgesia
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Table 3 The results of generalized linear mixed model analysis

Coefficient(95%Cl) p value
VAS at rest
Group
ACB+LIA Ref
ACB+GNB 0.148(-0.666, 0.962) 0.722
Time
Pacu Ref
6h 0.395 (-0.408, 1.198) 0.335
12h 0.974 (0.171,1.777) 0.017
24h 1.395(0.592,2.198) <0.01
GroupxTime
ACB+GNB*PACU Ref
ACB+GNB*6 h -0423 (-1.574,0.729) 0472
ACB+GNB*12 h 0.110(-1.042, 1.261) 0.852
ACB+GNB*24 h -0.617 (-1.768,0.534) 0.294
VAS on movement
Group
ACB+LIA Ref
ACB+GNB -0471 (-1.431,0.489) 0336
Time
6h Ref
12h 0.368 (-0.573, 1.309) 0.443
24h 0.289 (-0.652, 1.230) 0.547
GroupxTime
ACB+GNB*6 h Ref
ACB+GNB*12 h 0.104 (-1.245, 1.453) 0.880
ACB+GNB*24 h 0.516 (-0.833, 1.865) 0453
Postoperative
Quadriceps strength
Group
ACB+LIA Ref
ACB+GNB -0.216 (-0431,-0.002) 0.059
Time
6h Ref
12h 0.868 (0.657, 1.080) <0.01
24h 1.026 (0.815, 1.238) <0.01
GroupxTime
ACB+GNB*6 h Ref
ACB+GNB*12 h -0.110(-0.413,0.193) 0478
ACB+GNB*24 h 0.180 (0.033,0.374) 0.325
Knee ROM
Group
ACB+LIA Ref
ACB+GNB 4.905 (-0.642, 10.453) 0.083
Time
12h Ref
24h 14.003 (8.660, 19.346) <0.01
GroupxTime
ACB+GNB*12 h Ref
ACB+GNB*24 h -1.403(-9.064, 6.258) 0.720

VAS, visual analogue scale; ROM, range of motion
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activity for patients undergoing TKA with ACB alone
often ranged between 5 and 6 [5, 20], although, this
ranged between 2 and 4 in both groups in this study.
Beyond the analgesic effects of GNB and LIA on the lat-
eral aspect of the knee, their nerve innervation also over-
laps with the medial aspect covered by ACB. However,
the presence of the nerve to vastus medialis, which sig-
nificantly contributes to the anterior medial joint capsule,
within the adductor canal has been a subject of ongoing
debate [21, 22]. Therefore, the addition of LIA or GNB is
necessary.

The volume range selected for LIA varies between 20
and 300 mL, and is often combined with other medica-
tions such as epinephrine and nonsteroidal anti-inflam-
matory drugs [23, 24]. Although some studies on the
application of LIA in lower limb surgeries have shown
that high doses of ropivacaine infiltration do not induce
elevated free plasma ropivacaine concentrations asso-
ciated with local anesthetic toxicity, some patients still
experience symptoms of potential local anesthetic toxic-
ity, such as nausea, vomiting, dizziness, and arrhythmia
[25, 26]. In our study, no differences were present in the
incidence of adverse reactions between the two groups,
which may be due to the relatively low dose of LIA used
(80 mL of 0.2% ropivacaine). Our study also found that
the median VAS scores at rest on the first postoperative
day were similar in both groups, whereas the ACB+GNB
group had lower VAS scores during knee joint activity
from O to 12 h postoperatively. This difference may be
attributed to the limitations of LIA. Since the primary
steps of LIA involve infiltration at the surgical inci-
sion site, this mainly targets the areas innervated by the
medial femoral cutaneous nerve and the intermediate
femoral cutaneous nerve [27]. However, previous studies
have shown that blocking these nerves is unlikely to pro-
duce significant clinical effects [28].

GNB, as an innovative intervention, is primarily used
to alleviate pain associated with chronic knee osteoar-
thritis. Although Yasar et al. noted that the positions of
SMGN, IMGN, SLGN, and ILGN are relatively fixed and
run along small arteries on the bone cortex [12, 29], the
most commonly used technique is the three-point injec-
tion method (excluding ILGN) owing to the proximity of
ILGN to the common peroneal nerve, which poses a risk
of foot drop [30]. However, in our study, despite using a
larger volume than that used in chronic pain treatment (4
vs. 1 mL), patients in the ACB+GNE group did not expe-
rience foot drop or other adverse events, which is consis-
tent with the findings of Cunat [10]. This may be because
we accurately located the inferior lateral genicular artery
in each patient and used a lower concentration of local
anesthetic [31]. Therefore, we recommend avoiding the
use of excessively high concentrations of local anesthet-
ics for GNE and monitoring for any clinical signs of foot
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drop. According to Franco’s study, our study also blocked
the RTGN, a branch of the peroneal nerve closely asso-
ciated with the anterior tibial recurrent artery, to ensure
analgesia on the lower lateral side [12, 32]. This five-point
GNB technique provided more comprehensive analgesia
and only took approximately 5 min to perform.

When using two or more nerve block techniques, vigi-
lance must be maintained for local anesthetic toxicity in
TKA patients over the long term. This is not only because
the combination of techniques means an increase in the
dose of local anesthetic but also because advanced age
and female gender are high-risk factors for local anes-
thetic toxicity, characteristics that are also common
among TKA patients [33]. Conversely, GNE relies on
ultrasound identification of relevant vascular or bony
structures, significantly reducing the amount of local
anesthetic required (20 vs. 80 mL of 0.2% ropivacaine),
making this safer and more precise when combined
with ACB and provided clear imaging in obese patients.
A recent cadaveric study showed that, in knee radiofre-
quency ablation, GNE can achieve 100% accuracy using
only bony landmarks, even without arterial pulsation
[34].

We did not add epinephrine to the GNB as we did
with LIA to prolong the block duration [35], primarily
because the regions innervated by the genicular nerves
have a relatively low blood, which already results in a
slower absorption rate of the local anesthetic. However,
the ACB+LIA group showed an advantage in opioid
consumption with a lower overall consumption at 24 h,
with totals of 10.5 mg (7-12.5) and 8 mg (5.75-10.5) in
the two groups, respectively, although the result did not
exhibit a significant difference in Mann-Whitney U test.
It is consistent with those of previous studies comparing
GNB and LIA [10], possibly because of the higher dosage
of local anesthetics in LIA and the addition of epineph-
rine, which prolongs the duration of the block, thereby
promoting greater tolerance during knee exercises and
reducing the number of PCIA presses postoperatively.
But this difference may require an experiment with a
larger sample size and higher statistical power to prove.

Our study has several limitations. First, this study used
general anesthesia instead of spinal anesthesia, consid-
ering intraoperative anxiety, of patients, which does not
align with recommendations and daily clinical practice in
Europe/United States. Additionally, the use of parecoxib,
flurbiprofen axetil, and tramadol for postoperative pain
management in PCIA is uncommon in other European
medical institutions, limiting the generalizability of our
findings. Second, this study selected the 24-h postopera-
tive pain score as the primary endpoint because many
patients begin more extensive and active rehabilitation
activities at this time. We believe that the pain level at
24 h postoperatively remains an important determinant
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of the ability of the patient to engage in postoperative
activities. However, pain assessment in the early post-
operative period (at 6 and 12 h) as well as beyond 24 his
equally important, and future studies should aim to eval-
uate postoperative pain more comprehensively. Third,
as previously mentioned, a standardized protocol is not
currently available for LIA, and the dosages and compo-
sitions of drugs vary across institutions. The LIA protocol
used in this study is not representative. Fourth, the VAS
score is a subjective measure that can be influenced by
emotional, social, cultural, and other factors [36]. Lastly,
noninferiority trials are recommended to demonstrate
noninferiority in both the intention-to-treat and PP pop-
ulations [37]. However, we only demonstrated the nonin-
feriority of ACB+GNB in the PP population.

The results of our study suggest that combining ACB
with GNB for postoperative analgesia in TKA may pro-
duce effects similar to those achieved with the commonly
used ACB+LIA regimen on the first postoperative day
while also reducing the use of local anesthetics, making
this a potentially valuable pain-management strategy.
However, these results only apply to the initial 24 h post-
operatively, and further research is needed to evaluate
the effects of this regimen over a longer period. Addition-
ally, future studies could explore differences in ACB sites,
variations in drug formulations and volumes in LIA,
and changes in the number of blocked nerves in GNB
to understand the role of combined nerve block strate-
gies in balancing postoperative analgesia and lower limb
function recovery in more depth.
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