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Abstract

Background
Total knee arthroplasty (TKA) is one of the most performed orthopaedic surgeries worldwide. The
anaesthetic technique used has a considerable impact on the overall outcome. Peripheral nerve blocks
(PNB) can help to manage postoperative pain. However, their exact impact on patient-reported outcome
measures (PROM) remains unclear. This study compared the influence of a combined PNB (femoral
block sciatic block and obturator single shot) and general anaesthesia (GA) with a femoral nerve block
(FNB) on postoperative patient satisfaction and well-being following TKA.

Methods
This prospective, randomised, controlled clinical trial (RCT) involved 98 patients undergoing TKA, who
were randomised into two groups: Group A (general anaesthesia with regional anaesthesia; n = 50) and
Group B (combined regional anaesthesia with intraoperative propofol sedation; n = 48). The primary
endpoint was the proportion of patients achieving an average score of 0–1 on the Anaesthesiological
Follow-up Questionnaire for Patients (ANP) within the first three postoperative days. The secondary
endpoints were defined as opioid consumption within the first four hours postoperatively, pain as
measured by the Numerical Rating Scale (NRS) within the first three postoperative days (POD), range of
motion (ROM) within the first three POD, and whether patients would opt for the same anaesthetic
procedure again in the event of a future elective operation.

Results
There was no significant difference between the two groups regarding the primary endpoint (LS means:
Group A 0.312 vs. Group B 0.323, p = 0.797). However, Group B used significantly fewer opioids (p < 
0.001), had a lower NRS on all three postoperative days (p = 0.014, p = 0.019, p = 0.003) and exhibited a
greater ROM (p < 0.001).

Conclusion
Combined PNB and GA with FNB following TKA result in equivalent patient outcomes in terms of
satisfaction and postoperative symptoms. However, combined PNB is superior to GA with FNB in terms
of postoperative analgesia and early postoperative knee function.

Trial registration:
The trial was retrospectively registered at DRKS (DRKS-ID: DRKS00041059) on July 23, 2026.
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Introduction
TKA is one of the most common orthopaedic procedures worldwide, with demand continuing to rise.
This is primarily due to an ageing population and the growing prevalence of symptomatic knee
osteoarthritis [1, 2]. Although surgical techniques are becoming increasingly standardised, the optimal
anaesthetic approach is still being researched. The choice of anaesthetic technique affects
intraoperative haemodynamic stability, surgical conditions, postoperative pain management, joint
function recovery, and the patient’s overall experience [3, 4].

The quality of anaesthetic and perioperative care has evolved significantly over recent decades and
efforts have been made to improve their assessment of quality. New metrics have been proposed to this
end. However, further research is required before they can be successfully implemented [5]. Patient
satisfaction and patient-reported outcome measures (PROMs) have become important quality
indicators, joining traditional parameters such as haemodynamic parameters and complication rates.
[5,6,7] Taking these factors into account, Hüppe et al. developed the ANP to capture the multidimensional
nature of postoperative symptoms relating to pain, nausea, cognitive disturbances and satisfaction with
perioperative care [6].

The approach to pain management in TKA has evolved into a multimodal approach. PNBs have been
shown to improve postoperative analgesia when compared with the administration of systemic opioids
and neuraxial techniques [3, 7–9]. Combining a sciatic nerve block (SNB) with a FNB can provide
significant analgesic benefits, particularly in the early postoperative phase [7]. Within the framework of
enhanced recovery after surgery (ERAS) programmes, motor-sparing techniques such as the adductor
canal block (ACB) or infiltration between the popliteal artery and the knee capsule (iPACK) are
increasingly being used to ensure adequate analgesia without compromising quadriceps function [10–
12].

Despite the advantages of regional anaesthesia techniques, the relationship between effective analgesia
and patient satisfaction and well-being is complex and not necessarily straightforward. Studies have
shown that patient satisfaction is influenced by factors other than just pain intensity. These include
expectations, communication, perceived control and nursing care, among others [13–16].

Little is known about whether a combined PNB involving a FNB, SNB and obturator single-shot, or GA
with a FNB, is superior in terms of PROM and absence of symptoms. This study aimed to determine
which of these two procedures achieves higher patient satisfaction and absence of symptoms, as
measured by the ANP. To the best of our knowledge, no other studies have investigated patient
satisfaction following TKA in relation to GA with FNB versus a combined FNB and SNB with an obturator
single-shot.

Materials and Methods
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This prospective RCT was carried out at the Department of Orthopaedic Surgery, Hannover Medical
School, Diakovere Annastift, Hannover, Germany. The study was designed and reported in accordance
with the Consolidated Standards of Reporting Trials (CONSORT) guidelines. The study is a monocentric,
randomised, parallel-group interventional trial with a 1:1 allocation ratio. The scientific framework was
designed to test the superiority of the experimental therapy (group B) to the standard therapy (group A).
The study protocol was approved by the Ethics Committee of Hannover Medical School (study number
5781), and all procedures were performed in accordance with the Declaration of Helsinki. Written
informed consent was obtained from all participants for both anaesthetic techniques prior to
randomization. Patients and the public were not involved in the design, conduct, reporting, or
dissemination plans of this research.

Participants
Patients were enrolled between March 2011 and February 2012. Inclusion criteria were age ≥ 18 years,
American Society of Anesthesiologists (ASA) physical status I–II, and elective primary TKA for primary
knee osteoarthritis. Exclusion criteria included language barriers precluding questionnaire completion,
ASA class III–IV, pre-existing neurological deficits in the limb to be operated, coagulopathies, infection at
the planned catheter insertion site, prior surgery at the catheter site, and known allergies to any
medications used in the study protocol. A total of 122 patients were screened, of whom 98 were
randomized: 50 to group A and 48 to group B.

Randomization and Blinding
Central randomisation of the two anaesthetic procedures was carried out at the Institute of Biometry at
Hannover Medical School using a predefined randomisation form. The form was completed in full and
sent by fax to the Institute of Biometry, which processed it and returned it by fax. To balance known and
unknown prognostic factors, randomisation with variable block lengths was performed for the two
treatment groups. Randomisation was stratified by gender. In addition, partial monitoring was carried out
for the primary endpoint. Prior to the commencement of the study, a randomisation agreement was
drawn up, detailing which individuals were authorised to request and carry out randomisation at the
Institute of Biometry.

In the Department of Anaesthesia and Intensive Care, the department secretary received the faxed result
and communicated it to the anaesthetist on duty. The anaesthetist then visited the patient on the
afternoon of their admission to inform them of the allocated anaesthetic procedure. Given the
fundamentally different nature of the anaesthetic techniques (general anaesthesia with endotracheal
intubation vs. regional blocks with sedation), blinding of patients was not feasible. An investigator-
blinded design was utilized. Questionnaire assessors were not involved in the anaesthetic care.

Intervention
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Group A (General Anesthesia with FNB)

Patients received total intravenous anesthesia (TIVA) using propofol and remifentanil with endotracheal
intubation and controlled ventilation. Anaesthesia depth was controlled using an integrated EEG system
(Narcotrend®). A femoral nerve catheter was placed preoperatively under nerve stimulator guidance for
postoperative analgesia with continuous local anesthetic infusion.

Group B (Complete Peripheral Nerve Block): Patients received a triple-component peripheral nerve
block: (1) a FNB with catheter placement for continuous postoperative analgesia; (2) a transgluteal SNB
with catheter technique; and (3) an obturator nerve block as a single-shot injection. Surgery was
performed under these nerve blocks with propofol sedation and maintaining spontaneous breathing
without endotracheal intubation.

Outcome Measures
The primary endpoint was the proportion of patients classified as "largely complaint-free," defined as
achieving a mean questionnaire score of 0–1 on a four-point Likert scale (0 = not at all, 1 = somewhat, 2 
= fairly, 3 = strongly). The questionnaire used was a modified version of the ANP by Hüppe et al. [6],
comprising 81 items administered over three postoperative days. Items assessed intubation-related
complaints, medication side effects, pain, general well-being, peripheral block-related symptoms,
intraoperative awareness, memory, perioperative care quality, and organizational aspects of recovery.

Secondary endpoints included: (1) willingness to choose the same anaesthetic technique again; (2) total
opioid consumption (morphine equivalents) during the first four postoperative hours; (3) pain intensity
on a Numeric Rating Scale (NRS, 0–10) on POD 1–3; (4) passive knee flexion on POD 1–3; (5) extension
deficit; (6) anaesthesia and surgery duration; (7) catheter-related infections; and (8) neurological
complications.

Statistical Analysis
All analyses were conducted on an intention-to-treat (ITT) basis. The primary analysis and (1) willingness
to choose the same anaesthetic technique again employed logistic regression to compare the
proportion of largely complaint-free patients between groups. Unanswered questions were not replaced.
Patients who answered fewer than 80% of the questions in the questionnaire were classified as not
being largely symptom-free. As a sensitivity analysis of the primary endpoint, a two-way analysis of
variance (ANOVA) was performed with the factors of sex and type of anaesthesia. Secondary
continuously scaled endpoints were analysed using analysis of variance (ANOVA), and categorical
variables were compared using chi-squared test. Missing values were not imputed for the sensitivity
analyses and secondary endpoints. The sample size calculation estimated that 49 patients would be
required in each group, with a significance level of 5%, a power of 90%, and a clinically relevant difference
in the proportion of patients who are largely symptom-free of 30%.
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Results
Contrary to expectations, and in contrast to all preliminary studies, all participants met the definition of
being largely symptom-free. This meant that logistic regression was no longer a suitable method.
Consequently, the primary endpoint was analysed using the chi-squared test with continuity correction.
Furthermore, (1) willingness to choose the same anaesthetic technique again was analysed using
Fisher’s exact test.

The flow of participants through enrolment, randomisation, allocation, follow-up, and analysis is shown
in Fig. 1.

Patient Characteristics
The two groups were well balanced with respect to age, sex, BMI, and ASA classification (Table 1). The
mean age was 67.6 ± 8.3 years, and 73.5% of participants were female. As part of the ITT analysis,
patients who were unable to submit a questionnaire due to premature withdrawal from the study were
assigned a negative assessment. Seven patients withdrew from the study prematurely: One patient in
group B because of an acute arterial occlusion, another patient in Group B withdrew from the study on
the evening before the operation, following randomisation and the operation of 5 patients (3 in group A
and 2 in group B) was postponed due to elevated preoperative inflammatory markers.

Table 1
Patient Demographics and Baseline Characteristics

Parameter All (n = 98) Group A: GA (n = 50) Group B: PNB (n = 48)

Female, n (%) 72 (73.5%) 34 (68.0%) 38 (79.2%)

Male, n (%) 26 (26.5%) 16 (32.0%) 10 (20.8%)

Age, years (mean ± SD) 67.6 ± 8.3 66.9 ± 8.3 68.3 ± 8.3

Height, cm (mean ± SD) 167.4 ± 8.7 167.8 ± 8.8 166.9 ± 8.6

Weight, kg (mean ± SD) 82.1 ± 15.5 83.4 ± 15.2 80.7 ± 15.9

BMI, kg/m² (approx.) 29.3 29.6 29.0

ASA I, n (%) 8 (8.2%) 5 (10.0%) 3 (6.4%)

ASA II, n (%) 90 (91.8%) 45 (90.2%) 45 (93.6%)

Primary Endpoint
No significant difference was observed in the proportion of patients classified as largely complaint-free
between the two groups (p = 0.955). The mean questionnaire scores were low in both groups, indicating
high overall satisfaction. ANOVA sensitivity analysis yielded LS-Means of 0.312 (95% CI 0.255–0.369) for
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Group A and 0.323 (95% CI 0.262–0.383) for Group B (p = 0.797). When analyzed by sex, no significant
differences were found (male LS-Means 0.326, 95% CI 0.250–0.403 vs. female LS-Means 0.308, 95% CI
0.263–0.354; p = 0.689).

Chronological Complaint Assessment
Analysis of questionnaire responses by postoperative time interval revealed no significant between-
group differences at any assessment point. In the immediate postoperative period (recovery room),
mean scores were 0.511 (Group A) and 0.477 (Group B, p = 0.558). On POD 1, scores were 0.328 versus
0.323 (p = 0.911), decreasing to 0.266 versus 0.264 on POD 2 (p = 0.961) and 0.223 versus 0.224 on POD
3 (p = 0.988). Assessment of perioperative care on POD 3 showed a trend favoring Group A (0.182 vs.
0.294, p = 0.071), though this did not reach statistical significance.

Thematic Domain Analysis
Symptom-oriented thematic analysis (Table 2) revealed comparable scores across most domains. One
statistically significant difference was found in the anesthesia care domain, where Group A reported
lower complaint scores than Group B (0.122 vs. 0.245, p = 0.04). Intubation-related complaints,
medication side effects, pain perception, peripheral block– and pain catheter-related symptoms, sleep,
and memory did not differ significantly between groups.

Table 2
Questionnaire Assessment by Thematic Domains

Domain Group A (mean) Group B (mean) p-value

Intubation-related complaints 0.111 0.104 0.822

Medication side effects 0.089 0.081 0.862

Pain 0.405 0.370 0.600

General questions 0.392 0.407 0.802

Peripheral block–/pain catheter-related symtoms 0.183 0.286 0.162

Sleep during operation 0.666 0.531 0.549

Memory 1.277 1.206 0.644

Anesthesia care 0.122 0.245 0.040

Organization and reconvalescence 0.273 0.369 0.232

Secondary Endpoints
As missing data were not imputed for the secondary endpoints, 91 patients where analysed (47 in group
A; 44 in group B). Regarding piritramide consumption, 45 patients were analysed in group B. For pain
scores on POD 1, data of one patient in group B was missing. For the knee extension deficit on POD 3,
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data of one patient in group A was missing. Regarding anaesthesia duration, 45 patients were analysed
in group B.

Re-selection of anaesthetic method
Forty-five of patients (95.7%) in Group A and 43 (97.7%) in Group B indicated they would choose the
same anesthetic procedure again (p = 1.00). No significant difference was observed regarding sex.

Opioid Consumption
Mean piritramide consumption during the first four postoperative hours was significantly lower in Group
B: 12.39 mg (95% CI 9–15) versus 21.98 mg (95% CI 19–24) in Goup A, representing a 43.6% reduction
(p < 0.001). No significant difference was observed regarding sex.

Pain Scores
Mean NRS pain scores were significantly lower in Group B at all postoperative time points (Fig. 2): POD 1,
3.96 (95% CI 3.2–4.7) versus 5.20 (95% CI 4.5–5.9), p = 0.014; POD 2, 3.24 (95% CI 2.6–3.9) versus 4.24
(95% CI 3.6–4.8), p = 0.019; POD 3, 2.34 (95% CI 1.7–2.9) versus 3.54 (95% CI 3.0–4.1), p = 0.003. No
significant difference was observed regarding sex.

Knee ROM
Knee flexion was significantly greater in Group B at all postoperative assessments (Fig. 3): POD 1, 51.0°
(95% CI 47.0–55.1°) versus 36.0° (95% CI 32.2–39.8°); POD 2, 66.3° (95% CI 61.7–71.0°) versus 48.7°
(95% CI 44.4–53.0°); POD 3, 78.8° (95% CI 74.2–83.4°) versus 61.1° (95% CI 56.8–65.4°) (all p < 0.001).
The extension deficit was also lower in Group B but did not reach statistical significance overall: POD 1,
1.76° (95% CI 0.89–2.63°) versus 1.78° (95% CI 0.97–2.60°), p = 0.967; POD 2, 0.60° (95% CI − 0.59–
1.80°) versus 1.60° (95% CI 0.48–2.72°), p = 0.200; POD 3, 0.55° (95% CI − 0.16–1.25°) versus 1.23° (95%
CI 0.56–1.91°), p = 0.136. When analyzed by sex, women showed a significantly lower extension deficit
than men on POD 1 (women: 1.05°, 95% CI 0.40–1.69° vs. men: 2.50°, 95% CI 1.41–3.59°; p = 0.025) and
POD 3 (women: 0.30°, 95% CI − 0.22–0.83° vs. men: 1.48°, 95% CI 0.58–2.37°; p = 0.027).

Anesthesia Duration
Mean anesthesia duration was significantly longer in Group B (167.2 min, 95% CI 158.6–175.8 vs. 142.6
min, 95% CI 134.4–150.7; p < 0.001), reflecting the additional time required for placement of three
separate nerve blocks.

Operation Duration. The duration of surgery was comparable in both groups without significant
difference (Group B: 88.3 min, 95% CI 80.7–95.9 vs. Group A: 87.1 min, 95% CI 79.9–94.3; p = 0.814).

Adverse Events
Catheter-associated infections occurred in 8.3% of patients in Group A and 15.9% in Group B. The
difference was not significant.
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In Group B, five patients (10.4%) required a switch to general anaesthesia. One patient had the catheter
placed on the wrong side, one was extremely agitated, one required a change to the surgical procedure,
and two experienced failed regional anaesthesia.

There was one serious adverse event in Group B in the form of an acute arterial occlusion. The Data
Safety Monitoring Board assessed this event as being unrelated to the anaesthetic procedure.

None of the patients showed any postoperative nerve impairment that could be interpreted as persistent
paraesthesia or muscle paralysis in the area innervated by the respective nerve.

The results for both groups, including their significance levels, are summarised in Table 3.

Table 3
Primary and Secondary Outcomes

Outcome Group A: (mean, 95%
CI)

Group B: (mean, 95%
CI)

p-
value

Primary endpoint (LS-Means) 0.312 (95% CI 0.255–
0.369)

0.323 (95% CI 0.262–
0.383)

0.797

Opioid consumption, mg
piritramide (4 h)

21.98 (19–24) 12.39 (9–15) < 
0.001

NRS pain, POD 1 5.20 (4.5–5.9) 3.96 (3.2–4.7) 0.014

NRS pain, POD 2 4.24 (3.6–4.8) 3.24 (2.6–3.9) 0.019

NRS pain, POD 3 3.54 (3.0–4.1) 2.34 (1.7–2.9) 0.003

Knee flexion, POD 1 (°) 36.0 (32.2–39.8) 51.0 (47.0–55.1) < 
0.001

Knee flexion, POD 2 (°) 48.7 (44.4–53.0) 66.3 (61.7–71.0) < 
0.001

Knee flexion, POD 3 (°) 61.1 (56.8–65.4) 78.8 (74.2–83.4) < 
0.001

Knee extension deficit, POD 1 (°) 1.78 (0.97–2.60) 1.76 (0.89–2.63) 0.967

Knee extension deficit, POD 2 (°) 1.60 (0.48–2.72) 0.60 (− 0.59–1.80) 0.2

Knee extension deficit, POD 3 (°) 1.23 (0.56–1.91) 0.55 (− 0.16–1.25) 0.136

Anesthesia duration, min 142.6 (134.4–150.7) 167.2 (158.6–175.8) < 
0.001

Operation duration, min 87.1 (79.9–94.3) 88.3 (80.7–95.9) 0.814

Would choose same technique,
n/N (%)

45/47 (95.7%) 43/44 (97.7%) 1.00

Catheter-site infection, n (%) 4 (8.3%) 7 (15.9%) 0.263
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Discussion
The introduction of the ERAS principle to knee arthroplasty has led to an increased focus on patient well-
being and satisfaction [17]. Due to the potential impairment of early mobilisation caused by motor
neuron block, the role of nerve block anaesthesia in knee arthroplasty was decreased because of early
postoperative mobilisation [18]. However, newer techniques can avoid this negative effect by using
motor-sparing methods [19]. Nevertheless, the impact of various anaesthetic procedures used in total
knee arthroplasty (TKA) on patient satisfaction and well-being and which of all techniques provides the
highest patient satisfaction and well-being remains unclear.

The study aimed to investigate whether patient satisfaction and subjective well-being differ among
patients undergoing primary TKA depending on the anaesthetic technique chosen. Patients who
underwent combined PNB required significantly fewer opioids postoperatively, demonstrated
significantly better knee flexion, and reported significantly less pain on the NRS. Nevertheless, the study
found that the two anaesthetic techniques examined (GA with FNB versus combined PNB) do not differ
significantly in terms of patient satisfaction and well-being, as measured by a modified ANP.

Overall, comparing the literature proved difficult as only three studies were identified in which the control
group underwent TKA using a combination of regional anaesthesia and sedation [20–22]. In two of these
studies, the control group did not receive general anaesthesia [20, 21]. Kim et al. compared a combined
spinal-epidural nerve block with a femoral/sciatic nerve block combined with a lateral femoral cutaneous
nerve block. They found no differences in terms of perioperative side effects, satisfaction with surgical
anaesthesia and postoperative analgesia, willingness to recommend the same surgical anaesthesia and
postoperative analgesia to others, or postoperative VAS. However, there was a significant increase in
analgesic use in the catheter group [20]. In their randomised study, Liu et al. compared general
anaesthesia with a combination of lumbar plexus and sciatic block anaesthesia. As in our study, patient
satisfaction did not differ significantly. As measured by the Post-operative Quality Recovery Scale, the
PNB group performed significantly better in all domains except activities of daily living and required
significantly fewer painkillers [21]. This is also consistent with the results of our study. Another study
compared a psoas sciatic block with combined spinal epidural anaesthesia and found no differences in
terms of complications, early mobilisation and patient satisfaction [22].

Reinbach et al. compared patient satisfaction levels, with using the ANP, among patients who received a
local infiltration analgesia (LIA) or a combination of a distal sciatic and femoral single-shot block during
TKA [23]. The study found that the LIA produced higher levels of patient satisfaction. No difference was
observed in terms of ROM on the fifth postoperative day. However, the LIA group experienced more pain
on the fifth postoperative day. However, well-being was not assessed until six weeks postoperatively, and
general anaesthesia and spinal anaesthesia were unevenly distributed across both groups. A prospective
service evaluation showed that there was no significant difference in patient satisfaction or
recommendation of the anaesthetic procedure between patients who received GA and those who
received regional anaesthesia during TKA [24]. These results are consistent with ours. A meta-analysis
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of 16 RCTs comparing GA or SA with a perineural block versus epidural analgesia during TKA found no
significant differences in patient satisfaction, pain or ROM [9]. In general, the data on patient satisfaction
and anaesthetic techniques in total knee arthroplasty is highly varied, highlighting the need for further
research [25].

Regarding analgesia and opioid consumption in the early postoperative phase, findings of most studies
are consistent with ours, demonstrating that regional anesthesia techniques improve analgesia and
reduce opioid consumption after TKA [3, 4, 19, 26, 27].

Our study revealed significantly greater knee flexion in the PNB group. In a prospective observational
study, Han et al. demonstrated that patients under general anaesthesia with PNB or ACB exhibited
greater flexion and better mobilisation than those without regional anaesthesia [26]. Another
prospective, randomised study compared GA with FNB and sciatic single-shot with GA using continuous
LIA [28]. No difference in range of motion (ROM) was observed. Tan et al. conducted a randomised study
on ROM under GA and found no difference between ACB, FNB and a femoral triangle block [29]. Moreno
et al. compared LIA and FNB under GA in total TKA patients and found no difference in terms of step
counts, VAS, and opioid consumption [30]. Reviews and meta-analyses indicate that the concurrent use
of multiple regional techniques is associated with greater ROM [31, 32].

Despite the PNB group experiencing superior analgesia, this did not result in significantly higher patient
satisfaction. Although a large prospective study demonstrated that pain is a significant predictor of
dissatisfaction, the reciprocal influence of pain and satisfaction was not linear: mild and low levels of
pain did not differ significantly from one another in terms of patient satisfaction [15]. Patient satisfaction
is a complex factor influenced by multiple dimensions. These include communication quality,
anaesthetist workload, level of supervision, the patient–physician relationship, and psychological factors
such as anxiety and expectations, which modulate pain perception and treatment satisfaction, as well as
nocebo and placebo effects [6, 13, 14, 16, 33]. In our study, the overall level of complaints, as measured
by the ANP, was substantially below 1, indicating that the standard of care and information provided to
patients regarding anaesthesiological procedures met their expectations.

In the PNB group, 10.4% of patients required a switch to general anaesthesia. This rate, however, is
consistent with that reported in the relevant literature and reflects the technical challenges of performing
three consecutive blocks [19].

It is notable that Group A reported significantly fewer complaints in the anaesthesia care domain than
Group B. This could be attributed to the nature of the anaesthesia itself. During general anaesthesia,
patients are unconscious. The patients in Group B, on the other hand, were sedated during surgery. Thus,
the patients’ expectations formed during the procedure may have led to this discrepancy [16, 34].

A significant reduction in opioid use was achieved in the PNB group. This finding is also reported in the
relevant literature [35].
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The findings of this study warrant particular consideration within the contemporary framework of fast-
track surgery and ERAS protocols, which have fundamentally transformed perioperative management in
arthroplasty [36, 37]. Modern fast-track programs prioritize same-day or next-day discharge, opioid-
sparing multimodal analgesia, and early mobilization beginning on the day of surgery [36, 38]. However,
Sponheuer et al. demonstrated in a retrospective analysis that the type of anaesthetic technique
employed for total hip and knee replacement did not affect length of stay or patient satisfaction [37].
These observations are consistent with the primary endpoint of our study. Various anaesthetic
approaches can achieve high levels of patient satisfaction and well-being if a structured perioperative
protocol is followed and adequate communication with the patient is ensured.

Thanks to improved flexion and analgesia, coupled with high patient satisfaction and well-being, and the
potential to reduce complications in TKA patients, PNB combinations can also be integrated into modern
fast-track and ERAS protocols today [8, 35, 36].

The study has several limitations. One is the timing of the data collection. At the time, ERAS and fast-
track programmes had not yet become widely established in orthopaedics. Consequently, the focus of
anaesthetic techniques for TKA was not on motor-sparing procedures aimed at improving postoperative
quadriceps function. The combination of a femoral and sciatic block in our study could potentially have
affected the early mobilisation of patients adversely.

Secondly, only patients with an ASA I to II score were included, so the findings may differ among patients
with higher ASA scores. Also, blinding was not possible due to the fundamentally different nature of the
techniques. Furthermore, questionnaires are always susceptible to social desirability bias.

In addition to its study design and relatively large patient sample size, one of the study's strengths lies in
its use of a robust, validated questionnaire to assess patient satisfaction [6, 39].

In summary, combined PNB techniques achieve a level of patient satisfaction that is comparable to GA
with a FNB. Considering new motor-sparing approaches, the advantages associated with combined PNB
techniques allow for the integration of PNBs into fast-track TKA concepts.

Conclusion
This prospective RCT demonstrates that a combined PNB technique (FNB, SNB and obturator single-
shot) provides patient-reported satisfaction equivalent to GA with FNB after elective TKA, as measured
by the validated ANP questionnaire. However, the PNB technique offered significant advantages,
including a substantial reduction in opioid consumption, consistently lower pain scores, and superior
early knee flexion at all measured time points. Given the 10% conversion rate to GA, a patient-specific
approach should generally be adopted.

Abbreviations
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ACB = Adductor canal block

ANCOVA = Analysis of covariance

ANOVA = Analysis of variance

ANP = Anästhesiologischer Nachbefragungsbogen für Patienten (Anaesthesiological Postoperative
Questionnaire for Patients)

ASA = American Society of Anesthesiologists

BMI = Body mass index

CI = Confidence interval

ERAS = Enhanced recovery after surgery

GA = General anesthesia

iPACK = Infiltration between the popliteal artery and capsule of the knee

ITT = Intention-to-treat

LIA = local infiltration analgesia

LS-Means = Least squares means

NRS = Numeric rating scale

PNB = Peripheral nerve block

POD = Postoperative day

PROM = Patient-reported outcome measurement

RCT = randomized controlled trial

SD = Standard deviation

SNB = Sciatic nerve block

TIVA = Total intravenous anesthesia

TKA = Total knee arthroplasty

VAS = Visual analogue scale

Page 14/21



Declarations
Acknowledgements

Not applicable.

Author contributions

ST Writing - Original Draft Preparation, MP, BEF, ST Conceptualisation, BEF Formal Analysis, MP, BEF
Methodology, BEF Investigation, ST, AD, MH, AR Visualization, MP Supervision, ST, AD, MH, AR, MP
Writing - Review & Editing
 All authors read and approved the final manuscript.

Funding

This study was not funded.

Data availability

The datasets used and analysed in the current study, trial protocol and statistical analysis plan are
available from the corresponding author on reasonable request.

Ethics approval and consent to participate

The study was conducted in accordance with the Declaration of Helsinki and approved by the local
Ethics Committee of the Hannover Medical School (No. 5781). Informed consent was obtained from all
individual participants included in the study.

Consent for publication

Not applicable.

Competing interests

The authors declare no competing interests.

References
1. Culliford D, Maskell J, Judge A, Cooper C, Prieto-Alhambra D, Arden NK. Future projections of total

hip and knee arthroplasty in the UK: results from the UK Clinical Practice Research Datalink.
Osteoarthritis Cartilage. 2015;23(4):594–600.

2. Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary and revision hip and knee
arthroplasty in the United States from 2005 to 2030. J Bone Joint Surg Am. 2007;89(4):780–5.

Page 15/21



3. Allen HW, Liu SS, Ware PD, Nairn CS, Owens BD. Peripheral nerve blocks improve analgesia after
total knee replacement surgery. Anesth Analg. 1998;87(1):93–7.

4. Terkawi AS, Mavridis D, Sessler DI, Nunemaker MS, Doais KS, Terkawi RS, Terkawi YS, Petropoulou
M, Nemergut EC. Pain Management Modalities after Total Knee Arthroplasty: A Network Meta-
analysis of 170 Randomized Controlled Trials. Anesthesiology. 2017;126(5):923–37.

5. Ke JXC, Smith MA, Sparrow K, West N, Yee MS, Yoo KM, Sun LY, Beattie WS, Görges M. A
standardized set of metrics to assess the quality of anesthesia, perioperative care, and acute pain
management in Canada: a multidisciplinary modified Delphi study. Can J Anaesth. 2025;72(5):698–
720.

6. Hüppe M, Beckhoff M, Klotz KF, Heinzinger M, Prüssmann M, Gerlach K, Ocker H, Schmucker P.
[Reliability and validity of the Anaesthesiological Questionnaire for electively operated patients].
Anaesthesist. 2003;52(4):311–20.

7. Grape S, Kirkham KR, Baeriswyl M, Albrecht E. The analgesic efficacy of sciatic nerve block in
addition to femoral nerve block in patients undergoing total knee arthroplasty: a systematic review
and meta-analysis. Anaesthesia. 2016;71(10):1198–209.

8. Ramanujam V, Bessette J, Yeh J, Shah Y, Moazezi B, Kendall MC. Advances in Peripheral Nerve Block
Techniques and Clinical Strategies for Their Implementation Following Total Knee Arthroplasty: A
Narrative Review. J Clin Med 2026, 15(5).

9. You D, Qin L, Li K, Li D, Zhao G, Li L. A meta-analysis on advantages of peripheral nerve block post-
total knee arthroplasty. Korean J Pain. 2021;34(3):271–87.

10. Shan S, Shi Q, Zhang H. Influencing factors on the quality of recovery after total knee arthroplasty:
development of a predictive model. Front Med (Lausanne). 2024;11:1427768.

11. Zhang Q, Chen Y, Li Y, Liu R, Rai S, Li J, Hong P. Enhanced recovery after surgery in patients after hip
and knee arthroplasty: a systematic review and meta-analysis. Postgrad Med J.
2024;100(1181):159–73.

12. Zhao C, Liao Q, Yang D, Yang M, Xu P. Advances in perioperative pain management for total knee
arthroplasty: a review of multimodal analgesic approaches. J Orthop Surg Res. 2024;19(1):843.

13. Drzymalski D, Liu E, Calderon M, Jung J. Predictors of patient satisfaction with anesthesia using the
Press Ganey patient satisfaction survey. Anaesthesiol Intensive Ther. 2026;58(1):10–6.

14. Hall JA, Dornan MC. Meta-analysis of satisfaction with medical care: description of research domain
and analysis of overall satisfaction levels. Soc Sci Med. 1988;27(6):637–44.

15. Myles PS, Williams DL, Hendrata M, Anderson H, Weeks AM. Patient satisfaction after anaesthesia
and surgery: results of a prospective survey of 10,811 patients. Br J Anaesth. 2000;84(1):6–10.

16. Nair AS, Afshan G, Kubricht V, Chetty S, Jagannathan B. Factors influencing patient satisfaction in
postoperative pain management: A systematic review and meta-analysis. Indian J Anaesth.
2025;69(12):1260–73.

17. Riga M, Altsitzioglou P, Saranteas T, Mavrogenis AF. Enhanced recovery after surgery (ERAS)
protocols for total joint replacement surgery. SICOT-J. 2023;9:E1.

Page 16/21



18. Kehlet H, Aasvang EK. Regional or general anesthesia for fast-track hip and knee replacement - what
is the evidence? F1000Res 2015, 4.

19. White L, Kerr M, Thang C, Pawa A. Motor-sparing regional anaesthesia for total knee arthroplasty: a
narrative and systematic literature review. Br J Anaesth. 2025;134(2):510–22.

20. Kim JH, Cho MR, Kim SO, Kim JE, Lee DK, Roh WS. A comparison of femoral/sciatic nerve block with
lateral femoral cutaneous nerve block and combined spinal epidural anesthesia for total knee
replacement arthroplasty. Korean J Anesthesiol. 2012;62(5):448–53.

21. Liu J, Yuan W, Wang X, Royse CF, Gong M, Zhao Y, Zhang H. Peripheral nerve blocks versus general
anesthesia for total knee replacement in elderly patients on the postoperative quality of recovery.
Clin Interv Aging. 2014;9:341–50.

22. Sultan WA, Ibrahim ES, El-Tahawy MS. Continuous psoas sciatic blockade for total knee
arthroplasty. Saudi J Anaesth. 2018;12(3):426–32.

23. Reinbacher P, Schittek GA, Draschl A, Hecker A, Leithner A, Klim SM, Brunnader K, Koutp A, Hauer G,
Sadoghi P. Local Periarticular Infiltration with Dexmedetomidine Results in Superior Patient Well-
Being after Total Knee Arthroplasty Compared with Peripheral Nerve Blocks: A Randomized
Controlled Clinical Trial with a Follow-Up of Two Years. J Clin Med 2023, 12(15).

24. Neal-Smith G, Hopley E, Gourbault L, Watts DT, Abrahams H, Wilson K, Athanassoglou V. General
Versus Regional Anaesthesia for Lower Limb Arthroplasty and Associated Patient Satisfaction
Levels: A Prospective Service Evaluation in the Oxford University Hospitals. Cureus.
2021;13(8):e17024.

25. Greimel F, Maderbacher G, Baier C, Keshmiri A, Schwarz T, Zeman F, Meissner W, Grifka J, Benditz A.
Multicenter cohort-study of 15326 cases analyzing patient satisfaction and perioperative pain
management: general, regional and combination anesthesia in knee arthroplasty. Sci Rep.
2018;8(1):3723.

26. Han Z, Zhang Y, Xue C, Jin S, Chen Q, Zhang Y. Comparison of the Effects of Adductor Canal and
Femoral Nerve Blocks on Postoperative Opioid Consumption and Inflammatory Factor Levels in
Elderly Patients After Total Knee Arthroplasty: A Prospective Observational Study. J Pain Res.
2024;17:2375–91.

27. Koutp A, Hauer G, Leitner L, Kaltenegger L, Fischerauer S, Clar C, Reinbacher P, Schittek G, Leithner A,
Sadoghi P. Less Induction Time and Postoperative Pain Using Spinal Anesthesia Versus General
Anesthesia With or Without the Use of Peripheral Nerve Blocks in Total Knee Arthroplasty. J
Arthroplasty. 2024;39(4):904–9.

28. Simon C, Schwab M, Ackermann H, Krüerke L, Meininger D. Continuous local infiltration analgesia is
equal to femoral and sciatic nerve block for total knee arthroplasty. Arch Orthop Trauma Surg.
2025;145(1):136.

29. Tan M, Chen B, Li Q, Wang S, Chen D, Zhao M, Cao J. Comparison of Analgesic Effects of Continuous
Femoral Nerve Block, Femoral Triangle Block, and Adductor Block After Total Knee Arthroplasty: A
Randomized Clinical Trial. Clin J Pain. 2024;40(6):373–82.

Page 17/21



30. Moreno I, Tsamassiottis S, Ettinger M, Fischer-Kumbruch M, Przemeck M. Femoral nerve blockade
versus local infiltration analgesia for primary knee arthroplasty. Randomised controlled trial.
Anaesthesiol Intensive Ther. 2022;54(5):387–92.

31. Rodriguez-Patarroyo FA, Cuello N, Molloy R, Krebs V, Turan A, Piuzzi NS. A guide to regional
analgesia for Total Knee Arthroplasty. EFORT Open Rev. 2021;6(12):1181–92.

32. Wang F, Wu J, Wu Y, Han X, Dai H, Chen Q. Different peripheral nerve blocks for patients undergoing
total knee arthroplasty: a network meta-analysis of randomized controlled trials. Arch Orthop
Trauma Surg. 2024;144(9):4179–206.

33. Colloca L, Benedetti F. Nocebo hyperalgesia: how anxiety is turned into pain. Curr Opin Anaesthesiol.
2007;20(5):435–9.

34. Biro P, Seifert B, Pasch T. Complaints of sore throat after tracheal intubation: a prospective
evaluation. Eur J Anaesthesiol. 2005;22(4):307–11.

35. Memtsoudis SG, Poeran J, Cozowicz C, Zubizarreta N, Ozbek U, Mazumdar M. The impact of
peripheral nerve blocks on perioperative outcome in hip and knee arthroplasty-a population-based
study. Pain. 2016;157(10):2341–9.

36. Ishaku Z, Koshy DI, Adamu Bala M. Enhanced Recovery After Surgery (ERAS) Pathways in Elective
Total Joint Arthroplasty. Cureus. 2025;17(9):e91481.

37. Sponheuer K, Becker-Rux D, Scheike S, Barsch L, Pempe C, Pfrepper C, Roth A, Werdehausen R.
Impact of anesthesia type on postoperative pain and outcomes in primary hip and knee arthroplasty:
a retrospective register analysis. BMC Anesthesiol. 2025;25(1):274.

38. Danielsen O, Gromov K, Varnum C, Jakobsen TH, Andersen MR, Bieder MJ, Jørgensen CC, Kehlet H,
Lindberg-Larsen M. Willingness to repeat discharge on day of surgery after hip and knee
arthroplasty. Bone Jt Open. 2025;6(9):1156–63.

39. Weber M, Hüppe M, Cavus E, Ocker H, Gerlach K. Der Anästhesiologische Nachbefragungsbogen für
Patienten im ambulanten Kontext. Anaesthesist. 2021;70:843–53.

Figures

Page 18/21



Figure 1

CONSORT flow diagram of enrolment, randomisation, allocation, follow-up, and analysis of study
participants (N = 122 assessed for eligibility, 98 randomised).
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Figure 2

Pain on NRS over 72 hours. Data are presented as mean with 95% confidence intervals. All differences
were statistically significant (p < 0.05).
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Figure 3

Knee flexion over 72 hours. Data are presented as mean with 95% CI. All differences were significant (p <
0.001).
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