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ABSTRACT

Background: Adjunct treatment with a popliteal plexus block (PPB) provides moderate enhancement to multimodal analgesic
regimens following total knee arthroplasty while maintaining motor function. However, the optimal anesthetic volume of local
anesthetic for PPB remains unknown.

Aim: To compare the analgesic effects of PPB with 10 versus 20 mL of local anesthetics as an adjunct to a femoral triangle block
after total knee arthroplasty.

Methods: This blinded, controlled, randomized clinical trial will include 120 patients, randomly assigned to receive PPB with
either 10 or 20mL of bupivacaine 5mg/mL. All patients undergo primary total knee arthroplasty under spinal anesthesia and re-
ceive a multimodal analgesia regimen, including paracetamol, ibuprofen, opioids, dexamethasone, and a femoral triangle block.
Outcomes: Primary outcome is 24-h postoperative opioid consumption. Secondary outcomes include the frequency of patients
with opioid-free analgesia in the first 24 h after surgery, postoperative pain intensity at rest and during mobilization, postopera-
tive muscle function of the leg, ability to mobilize with crutches 6 h after surgery, and Quality of Recovery-15 survey at 24 h after
surgery.

Conclusion: This trial hopes to optimize postoperative pain management after total knee arthroplasty by providing valuable
insights into the optimal analgesic volume for PPB.

Trial Registration: Danish Data Protection Agency: 693807, clinicaltrials.gov: NCT06908837, CTIS: 2024-520204-26-00

1 | Introduction satisfaction [1, 2]. Peripheral nerve blocks are recommended for
this multimodal analgesia [3, 4].

Primary total knee arthroplasty (TKA) is often associated with

severe postoperative pain, highlighting the importance of mul- The popliteal plexus block (PPB) is a newer peripheral nerve

timodal analgesia in pain management. Mul helps reduce pain block technique used to enhance multimodal analgesia fol-

and opioid use, prevent complications, and enhance patient lowing TKA. The PPB targets sensory genicular nerves in

Abbreviations: mL, milliliters; MME, morphine milligram equivalents; PPB, popliteal plexus block; REDCap, Research Electronic Data Capture software; TKA, total
knee arthroplasty.
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the popliteal fossa which innervate the posterior aspects and
intra-articular structures of the knee. The PPB complements
peripheral nerve blocks for the antero-medial aspects of the
knee, such as the adductor canal block or femoral triangle
block. Clinical trials have demonstrated that adjunct treat-
ment with PPB can reduce pain scores and postoperative
opioid consumption after TKA without impairing the motor
function of the leg [5-8]. Serensen et al. [5, 8] reported a 24-h
opioid reduction after TKA equivalent to 15-25mg of oral
morphine with the use of 10mL of local anesthetic for PPB,
whereas Jiang et al. observed a reduction equivalent to 45 mg
with 20 mL. Notably, neither study reported significant motor
impairment. This motor-sparing efficacy of the PPB was re-
cently confirmed in a study evaluating the motor effects of
10, 20, and 30mL of local anesthetic in healthy volunteers [9].
Collectively, these findings suggest a favorable analgesic pro-
file for PPB using larger volumes of local anesthetic without
compromising motor function. As the optimal analgesic vol-
ume for PPB remains unknown, further randomized clinical
trials are necessary.

This trial aims to assess the analgesic effect of PPB with 10 ver-
sus 20mL of local anesthetic as an adjunct to femoral triangle
block in a multimodal analgesic regimen following primary uni-
lateral TKA. We hypothesize that PPB with 20mL of local anes-
thetic reduces 24-h postoperative opioid consumption compared
with 10mL after TKA.

2 | Methods

2.1 | Trial Design, Randomization, Monitoring,
and Approvals

This single-center, blinded, controlled, randomized clinical trial
will be conducted at Silkeborg Regional Hospital, Denmark.
The trial follows a parallel design (Figure 1), with one group
receiving a PPB with 10mL of bupivacaine 5mg/mL and the
other group receiving a PPB with 20mL of bupivacaine 5mg/
mL, in addition to multimodal analgesia following TKA. A total
of 120 patients will be included and allocated in a 1:1 ratio using
computer-generated block randomization (blocks of 10), man-
aged by an independent data manager in REDCap. The trial
will be monitored by the Good Clinical Practice Unit at Aarhus
University Hospitals, conducted according to the Declaration
of Helsinki and presented in adherence to the Consolidated
Standards of Reporting Trials statement [10]. The trial is ap-
proved by the Medical Research Ethics Committees and the
Danish Medicines Agency (CTIS-number: 2024-520204-26-00)
and registered at the Danish Data Protection Agency and at clini
caltrials.gov (NCT06908837).

2.2 | Inclusion and Exclusion Criteria

Patients eligible for inclusion are adults over 18 years scheduled
for primary TKA under spinal anesthesia, able to provide writ-
ten informed consent, and classified as American Society of
Anaesthesiologists physical status 1, 2, or 3. Exclusion criteria
are inability to read or speak Danish, lack of access to a smart-
phone with internet, allergies to study medications, preoperative
consistent daily opioid intake, reliance on walking aids, sub-
stance abuse, BMI over 40, or a diagnosis of neurodegenerative
disorders.

Patients scheduled for

under spinal anaesthesia
(Age > 18 years, ASA 1-3)

primary total knee arthroplasty

!
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FIGURE1 |
mass index; n, number of patients; PPB, popliteal plexus block.

Flow diagram of enrolment. Abbreviations: ASA, American Society of Anaesthesiologists physical status classification; BMI, body

20f 5

Acta Anaesthesiologica Scandinavica, 2025


http://clinicaltrials.gov
http://clinicaltrials.gov

2.3 | Blinding

Anesthesiologists performing the peripheral nerve blocks are
not blinded to treatment allocation; consequently, they are ex-
cluded from data collection and analysis.

All patients, outcome assessors, data analysts, and other per-
sonnel involved in the treatment of the patient will be blinded.
Patients are shielded from observing their legs and the ultra-
sound monitor during the nerve block procedure by an opaque
cloth hanging at chest level. Furthermore, patients are un-
likely to sense the nerve block procedure, as it is performed
postoperatively, whereas the effect of spinal anesthesia per-
sists. Even after the spinal anesthesia wears off, patients are
likely unable to distinguish between the injection of 10 and
20mL of bupivacaine for the PPB. The independent data man-
ager blinds group status, dates, and patient-identifiable data
before sending the dataset to the blinded principal investiga-
tor, who will perform the statistical analysis. Conclusions on
all outcome analyses will be completed with blinding intact
before unblinding the dataset.

2.4 | Outcomes

The primary outcome is total opioid consumption from T, (end-
of-surgery time) to T,, (24h after T ), expressed in oral mor-
phine milligram equivalents (MME).

Secondary outcomes include:

« The frequency of patients with opioid-free analgesia from
TytoT,,.

« Painatrestat T, (6= 1h after T)) and at T,.
+ Pain during a 10-m walk with crutches at T, and T ,.

 The frequency of patients unable to walk 10 m with crutches
atT,.
6

» The frequency of manual muscle test (MMT) < Grade 3 for
dorsiflexion and plantarflexion of the ankle and knee ex-
tension at T.

« Patient-reported quality of recovery (Quality of Recovery-15)
atT,,.

2.5 | Surgical Procedure and Multimodal
Analgesia Plan

Patients will undergo primary unilateral TKA with insertion
of a non-cruciate retaining standard cemented prosthesis by a
parapatellar medial approach, without the use of a tourniquet or
local infiltration analgesia [11].

All patients will receive tablets of paracetamol 1g and ibupro-
fen 400mg 1h before surgery. Spinal anesthesia is performed
with 3mL of ropivacaine 5mg/mL. Intravenous dexamethasone
12mg will be administered perioperatively. Standard treatment
with fluids and mild sedation using propofol will be provided
at the discretion of the anesthetist. Postoperatively, tablets of

paracetamol 1g are administered four times a day and ibupro-
fen 400mg three times a day. After discharge from the post-
anesthesia care unit, the patient will be provided with morphine
tablets for self-administration. The tablets allow the patients
to take 5mg morphine at a time, with a maximum oral dose of
100mg within the first 24 h after end-of-surgery time. If needed,
hospital staff can administer rescue doses of intravenous mor-
phine, which will be recorded in the patient file.

2.6 | Peripheral Nerve Block Procedure

Four 10-mL syringes are prepared with bupivacaine 5mg/mL
from the department's standard stock and brought to the nerve
block procedure. Upon the patient’s arrival in the post-anesthesia
care unit after surgery, the anesthesiologist will perform a fem-
oral triangle block using 15mL of bupivacaine. Subsequently,
digital randomization will be conducted in REDCap, followed
by administration of the PPB with either 10 or 20 mL of bupiv-
acaine. Any remaining bupivacaine is discarded along with the
needle to ensure that the administered volume remains blinded
to the patient and clinical staff.

A 22-gauge, 80-mm block needle (Temena, Felsberg, Germany)
is used for the procedure, guided by a Sonosite X-Porte ultra-
sound system (Sonosite; Bothell, WA, USA). For the PPB, a
5-2MHz curved array transducer (C 60xp; Sonosite) is used,
whereas a high-frequency 15-6 MHz linear array transducer
(HFL 50; Sonosite) is used for the femoral triangle block.

2.6.1 | The PPB Technique

The superficial femoral artery is identified in the adductor
canal and traced caudally until it deviates from the sartorius
muscle and is positioned adjacent to the posteromedial mar-
gin of the vastus medialis muscle, close to the adductor hi-
atus. The anatomical landmark for this position is typically
2-5 cm cranially to the base of patellae. The needle will be
inserted medially to the transducer and advanced with an in-
plane technique to the endpoint of injection located on top of
the superficial femoral artery, posteromedial to the fascia of
the vastus medialis muscle. We will inject the allocated vol-
ume of bupivacaine, ensuring anterolaterally spread to the
artery [5].

2.6.2 | The Femoral Triangle Block Technique

From the apex of the femoral triangle, we trace the superficial
femoral artery cranially until the saphenous nerve and nerve
to vastus medialis are visualized lateral to the femoral artery,
and the intermediate femoral cutaneous nerve (IFCN) is visual-
ized superficial to the sartorius muscle. This optimal ultrasono-
graphical image is typically found 5-10cm distal to the inguinal
crease. The needle will be inserted lateral to the transducer and
advanced in-plane, piercing the sartorius muscle to the endpoint
of injection lateral to the femoral artery. Here, we will inject
10mL of bupivacaine, allowing for repositioning of the needle
tip to ensure a spread around both the saphenous nerve and
nerve to vastus medialis. Then, the needle tip will be retracted
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to the superficial side of the sartorius muscle and repositioned
to inject 5mL of bupivacaine into the “flat fat-filled tunnel” sur-
rounding the IFCN [12].

2.7 | Sample Size

The sample size was calculated using an online calculator
(Georgiev G.Z., “Sample Size Calculator,” https://www.gigac
alculator.com/calculators/power-sample-size-calculator.php).

The calculation was based on the mean 24-h opioid consump-
tion of 33.6-mg oral MME with a standard deviation of 31.8, as
found in our previous trial using a PPB with 10mL after TKA
[5]. A superiority design with a one-sided hypothesis test, no su-
periority margin, «=0.05, 1-=0.8, and a minimal detectable
effect of 15-mg oral MME indicated that 56 patients per group
were required. Sixty patients per group will be included to ac-
count for dropouts and potential variability.

2.8 | Study Period, Data Collection, and Analyses

The study period begins on the day of surgery, after signing the
informed consent form prior to the surgery. The study period
ends 24 h after the end-of-surgery time (=T,,). The length of the
patient's hospitalization during the study period is determined
by their agreement with the surgeon. Patients are allowed to be
discharged during the study period.

Pain intensity will be assessed using the 11-point Numeric
Rating Scale (NRS) ranging from 0=rno pain to 10 =worst imag-
inable pain. Preoperative baseline pain intensity at rest and
during a 10-m walk will be obtained on the day of surgery.

Prior to assessment of postoperative walking ability with
crutches, muscle function is evaluated using the MMT for dor-
siflexion and plantarflexion of the ankle, as well as knee exten-
sion. MMT results will be graded from 5 to 0 [13]:

5=active motion against gravity with maximum resistance
from assessor.

4 =active motion against gravity with moderate resistance from
assessor.

3 =active motion against gravity without resistance.

2 =active motion with gravity eliminated or minimal assistance
from assessor.

1=no active motion, but palpable or observable muscle
contraction.

0=no active motion or muscle contraction.

At T,,, patients will be sent an automated text message includ-
ing a survey link. In the survey, patients will report their intake
of the dispensed morphine tablets, pain intensity at rest and
during a 10-m walk with crutches, and complete the Quality of
Recovery-15 questionnaire [14]. Total opioid consumption will

be reported as oral MME, combining hospital-administered opi-
oid doses from the patient file and self-reported intake of dis-
pensed morphine tablets.

Total opioid consumption and Quality of Recovery-15 will be
assessed with histograms and Q-Q plots and analyzed using ¢-
tests or Mann-Whitney U tests. Pain intensity will be analyzed
with repeated measures ANOVA or linear mixed-effects models.
Differences in frequencies will be analyzed using chi-squared or
Fisher's exact tests, as appropriate. An alpha level of 0.05 is used
to determine statistical significance. We predefine the minimal
clinically relevant difference between the groups in the total
opioid consumption as 15mg of oral MME [15]. Analyses will
follow the intention-to-treat principle. Missing data will not be
imputed or included in the analyses, but the frequency and rea-
sons will be reported in the article. Any changes to the statistical
plan will be reported, with the final detailed plan included in the
publication.

3 | Discussion

RCTs on PPB for TKA show heterogeneity in analgesic regi-
mens, anesthesia type, complementary nerve blocks, and local
anesthetic volumes (10, 15, and 20mL), complicating efficacy
comparisons [5-8]. Consensus on the optimal volume is im-
portant before comparing PPB to other nerve block techniques
targeting the genicular nerves in the popliteal fossa, such as
Infiltration between the Popliteal Artery and the Capsule of the
Knee (IPACK) and local infiltration analgesia [16, 17]. This trial
will be the first clinical investigation on optimal analgesic vol-
ume for PPB after TKA.

We have chosen an upper limit of 20mL of bupivacaine for PPB
to avoid exceeding the toxicity margin, as additional local an-
esthetics are required for the femoral triangle block and spinal
anesthesia. We refrained from including a PPB placebo group, as
aprevious blinded RCT in our hospital settings has already com-
pared the femoral triangle block with and without the addition
of PPB [5]. Additionally, only patients receiving spinal anesthe-
sia will be included to avoid potential confounding of postopera-
tive opioid consumption by general anesthesia [18].

Our outcomes are selected to engage traditional domains in the
research field of acute postoperative pain, including postoper-
ative opioid consumption, pain intensity at rest and during ac-
tivity, and physical function. However, we have also included a
patient-reported outcomes measurement to address the quality
of recovery from the patient’s perspective [19]. The Quality of
Recovery-15 measures five domains including pain, physical
comfort, physical independence, psychological support, and
emotional state and is translated and validated in a Danish ver-
sion [14]. The minimal clinically important difference for the
Quality of Recovery-15 is 6 points [19]. There is currently no
consensus on the optimal PROM for assessing acute postoper-
ative recovery following TKA; however, the developing process
is ongoing [20, 21].

At our hospital's elective surgery center, hospitalization is rec-
ommended only for patients without a caregiver at home or
those with significant comorbidities. Additionally, patients
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undergoing surgery in the afternoon may not meet discharge
criteria until late in the evening and are often offered overnight
hospitalization for comfort, with discharge the following day. As
a result, approximately one-third of our TKA patients are dis-
charged on the day of surgery. To ensure comprehensive inclu-
sion, we enroll both hospitalized patients and outpatients. We do
not plan any subgroup analysis between the two groups, as we
believe they will be similar.

A potential limitation of this trial is the accuracy of opioid con-
sumption recording, which could be improved using intrave-
nous opioids via a patient-controlled analgesia pump. However,
this would require additional resources and hospitalization of
all participants. Instead, we opted for a study design that aligns
with our everyday clinical practice.

We hope these results will provide a clinical recommendation
for the optimal analgesic volume for PPB, which can optimize
postoperative pain management after TKA.
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