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Abstract

Total knee arthroplasty (TKA) is increasingly performed in older adults, a population
with a growing prevalence of frailty and sarcopenia. Analgesic strategies focused mainly
on pain reduction may overlook mobility, functional independence, fall prevention, and
delirium risk, making motor preservation a central goal of perioperative care. This narra-
tive review examines the anatomical basis, clinical evidence, and practical application of
motor-sparing regional analgesia for older adults undergoing TKA, with emphasis on
frailty, sarcopenia, and mobility-centred recovery, synthesising current evidence on es-
tablished, emerging, and experimental techniques. Evidence was classified as geriatric-
specific, older-enriched mixed-age, or mixed-age adult. Most technique-specific evidence
derives from cohorts that included younger adults; only two small randomised trials re-
ported cohorts composed exclusively of patients aged > 65 years, and no regional-analge-
sia trial stratified outcomes by frailty or sarcopenia. A pragmatic clinical decision frame-
work was developed to support individualised strategy selection in frail and sarcopenic
patients. Current evidence supports adductor canal block combined with local infiltration
analgesia as the foundation of motor-sparing analgesia after TKA; supplementary tech-
niques such as iPACK, popliteal plexus block, genicular nerve block, and anterior femoral
cutaneous nerve block may further optimise sensory coverage while preserving quad-
ricep strength, whereas femoral nerve block produces predictable motor impairment and
appears less suitable for this population. The existing literature remains largely focused
on pain scores and opioid consumption, while mobility-related outcomes are infrequently
reported. Direct evidence for falls, near-falls, delirium, discharge destination, functional
independence, and long-term mobility remains sparse or absent. Successful analgesia af-
ter TKA should be defined not only by pain relief but by preservation of mobility and
functional recovery, and future research should prioritise frailty-specific, mobility-cen-
tred outcomes.
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1. Introduction

Total knee arthroplasty (TKA) is one of the most frequently performed orthopaedic
procedures worldwide and remains the definitive treatment for end-stage knee osteoar-
thritis [1]. The demand for TKA continues to increase as populations age and life expec-
tancy rises, with older adults representing the fastest-growing subgroup of patients un-
dergoing knee replacement surgery [2]. Although TKA reliably improves pain, function,
and quality of life, postoperative recovery remains highly dependent on the effectiveness
of perioperative pain management [3].

Poorly controlled postoperative pain may limit participation in rehabilitation and
overall functional recovery [4]. Traditionally, postoperative analgesia relied heavily on
opioid administration. However, opioid-centred strategies are increasingly recognised as
problematic, particularly in older adults [5]. Age-related physiological changes alter drug
pharmacokinetics and pharmacodynamics, increasing susceptibility to respiratory de-
pression, sedation, nausea, constipation, urinary retention, cognitive dysfunction, and
postoperative delirium [6,7]. These complications may delay rehabilitation, prolong hos-
pitalisation, and contribute to persistent functional decline [8].

At the same time, the demographic profile of patients undergoing TKA is changing.
Increasing numbers of patients present not only with advanced age but also with frailty
and sarcopenia [9]. Frailty reflects a state of diminished physiological reserve and in-
creased vulnerability to stressors, whereas sarcopenia is characterised by progressive loss
of skeletal muscle mass, strength, and physical performance [10,11]. Both conditions are
independently associated with poorer postoperative outcomes, including prolonged re-
covery, increased risk of falls, non-home discharge, readmission, and mortality [12]. Pre-
existing deficits in lower-limb muscle strength may substantially reduce these patients’
ability to compensate for additional postoperative motor impairment [13].

These observations challenge the traditional paradigm of evaluating regional anaes-
thesia techniques primarily according to pain scores and opioid consumption [14]. In
younger and physiologically robust individuals, transient quadricep weakness may be
clinically acceptable if accompanied by superior analgesia. In frail and sarcopenic older
adults, however, even modest reductions in quadricep function may impair ambulation,
delay rehabilitation, increase fall risk, and ultimately compromise the very outcomes that
arthroplasty aims to improve [13,15]. Motor preservation is therefore increasingly viewed
as an essential part of perioperative care [16].

Recent advances in regional anaesthesia have led to the development of several mo-
tor-sparing techniques designed to provide effective analgesia while minimising impair-
ment of quadricep strength [14]. These include adductor canal block (ACB), femoral tri-
angle block (FTB), local infiltration analgesia (LIA), genicular nerve block (GNB), infiltra-
tion between the popliteal artery and capsule of the knee (iPACK), popliteal plexus block
(PPB), anterior femoral cutaneous nerve block (AFCNB), dual subsartorial block (DSB),
triple-injection peri-sartorius block (TIPS), and erector spinae plane block (ESPB) [15-20].
Although several of these approaches have been evaluated in randomised controlled trials
and meta-analyses, no regional-analgesia trial has been designed specifically for patients
with frailty or sarcopenia. Consequently, most technique-specific recommendations for
these groups are derived from mixed-age or physiologically selected adult cohorts and,
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where direct clinical evidence is absent, are supported by anatomical reasoning and geri-
atric principles.

The growing emphasis on Enhanced Recovery After Surgery (ERAS) pathways further
reinforces the importance of motor preservation [21,22]. Contemporary recovery programmes
prioritise early ambulation, rapid restoration of function, reduction in hospital length of stay,
and maintenance of independence [23]. Within this framework, successful analgesia is no
longer defined solely by lower pain scores but by the ability to facilitate safe mobilisation and
functional recovery while minimising opioid-related adverse effects [24,25].

Therefore, the purpose of this narrative review is not simply to summarise available
regional anaesthesia techniques for TKA, but to examine them through a geriatric per-
spective. We review the anatomical basis of motor-sparing analgesia, critically evaluate
current evidence on established and emerging techniques, and propose a clinically ori-
ented framework for selecting regional anaesthesia strategies based on frailty status, sar-
copenia risk, mobility goals, and postoperative recovery priorities. Particular emphasis is
placed on outcomes that are especially relevant to older adults, including preservation of
quadricep function, fall prevention, mobilisation, delirium risk, and maintenance of func-
tional independence.

2. Methods

For this narrative review, we searched PubMed, Scopus, and Google Scholar for peer-
reviewed publications published between May 2014 and May 2026. Search concepts in-

v Z7i "o

cluded “total knee arthroplasty”, “total knee replacement”, “regional anaesthesia”, “periph-
eral nerve block”, “motor-sparing nerve block”, “knee joint innervation”, “adductor canal
block”, “iPACK block”, “frailty”, “sarcopenia”, “older adult*”, “aged”, and “geriatric”,
combined with the Boolean operators AND and OR. Backward citation tracking was used
to identify seminal anatomical and technique-related publications issued before May 2014.

Publications were considered relevant if they addressed: (1) the anatomical basis of
sensory or motor blockade in TKA; (2) the analgesic or motor effects of a regional tech-
nique; or (3) outcomes relevant to older adults, including opioid consumption, time to
mobilisation, gait or balance, falls or near-falls, quadricep function, range of motion, de-
lirium, discharge destination, or recovery of independence. Systematic reviews, meta-
analyses, randomised controlled trials, prospective or retrospective cohort studies, and
clinically relevant anatomical studies were considered. Publications without TKA-specific
or transferable anatomical or geriatric relevance were not retained. Significant eligibility
restrictions were extracted for representative primary studies discussed in detail and are
summarised in Table 3.

Study selection was purposive rather than exhaustive. Because this review was not
prospectively registered or managed as a systematic review, stage-specific retrieval and
exclusion counts were not recorded and a formal risk-of-bias assessment was not under-
taken. The final narrative synthesis comprised 108 topic-specific publications; the SANRA
publication [26] was cited separately as a methodological source. Two authors (PP, TR)
independently screened titles and abstracts and assessed potentially relevant full texts.
Disagreements regarding inclusion or evidence classification were resolved through dis-
cussion, with a third author (MR) acting as adjudicator when required.

Evidence was classified as geriatric-specific when all participants were aged > 65 years
or the results for that age group were reported separately; older-enriched mixed-age when
younger adults remained eligible but the cohort mean or median age was approximately
265 years; and mixed-age adult when younger adults were eligible and no age-stratified
results were provided. Application of older-enriched or mixed-age evidence to older
adults—and especially to people with frailty or sarcopenia—was classified as extrapolation.
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The strength of technique-specific evidence was categorised descriptively as high,
moderate, limited, or very limited. High indicated replicated randomised evidence and/or
support from systematic reviews or meta-analyses; moderate indicated clinical evidence
from multiple studies with important inconsistency, indirectness, or limited independent
replication; limited indicated one or two small or early clinical studies; and very limited
indicated preliminary evidence or evidence based predominantly on anatomical rationale
without adequate independent clinical validation. These categories represent narrative-
review evidence tiers and should not be interpreted as a formal GRADE certainty assess-
ment. Recommendations in the clinical decision framework were additionally labelled ac-
cording to whether they were supported by geriatric-specific evidence, extrapolated
mixed-age evidence, indirect evidence, or anatomical and geriatric reasoning.

Because of heterogeneity in techniques, comparators, populations, and outcome def-
initions, findings were synthesised narratively rather than pooled. This review was pre-
pared and reported with reference to the Scale for the Assessment of Narrative Review
Articles (SANRA) [26]; the author self-assessment is provided in Supplementary Table S1.

Before finalisation of this manuscript, the EQUATOR Network reporting-guideline
library and guideline-selection resources were consulted [27]. No study-design-specific
EQUATOR reporting guideline for general narrative reviews was identified. PRISMA and
its extensions were not applied because the present article is a purposive narrative review
rather than a systematic or scoping review. SANRA [26] was therefore used as the most
directly applicable quality-assessment framework. Transferable principles of transparent
reporting —including specification of the information sources and search period, eligibil-
ity principles, author involvement in publication selection, evidence classification, and
methodological limitations—were nevertheless incorporated into the Methods.

3. Why Motor Preservation Matters in Older Adults Undergoing TKA

In older adults undergoing total knee arthroplasty, the clinical objective of postoper-
ative analgesia extends beyond pain relief [28]. Effective pain control remains essential,
but it must be achieved without compromising early mobilisation, balance, cognition, par-
ticipation in rehabilitation, or functional independence [23,29]. In this population, even
transient motor impairment may have consequences that are disproportionate to those
observed in younger patients [29]. For this reason, preservation of quadricep strength
should be considered a central component of perioperative analgesic planning rather than
a secondary technical advantage [30].

3.1. Frailty

Frailty is a multidimensional syndrome characterised by reduced physiological re-
serve and increased vulnerability to surgical stress [31]. In the context of TKA, frailty is
associated with higher rates of postoperative complications, prolonged hospitalisation,
readmission, non-home discharge, and mortality [32]. Frailty has also been identified as
an independent predictor of both acute and chronic postoperative pain [10,33]. It also re-
duces the patient’s capacity to tolerate complications that might otherwise be transient or
clinically minor [34].

From an analgesic perspective, frailty is particularly relevant because it narrows the
margin between effective pain control and functional harm. A regional technique that pro-
duces quadricep weakness may be acceptable in a robust adult, but in a frail older patient,
it may delay mobilisation, increase dependence on assistance, and reduce the likelihood
of discharge home [12,35,36]. Frail patients often have multiple comorbidities and
polypharmacy, increasing their susceptibility to opioid-related adverse effects such as se-
dation, respiratory depression, constipation, urinary retention, and delirium [37,38].
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Therefore, in frail patients, the ideal regional analgesic strategy should combine opi-
oid-sparing efficacy with minimal motor impairment [39]. The goal is not simply to reduce
pain intensity but to maintain sufficient strength, alertness, and balance to enable safe
early mobilisation.

3.2. Sarcopenia

Sarcopenia, defined by reduced skeletal muscle mass, strength, and physical perfor-
mance, is highly prevalent among older adults undergoing lower-limb arthroplasty [40].
Unlike frailty, which reflects global physiological vulnerability, sarcopenia directly affects
the musculoskeletal reserve required for postoperative ambulation and rehabilitation [41].

This distinction is important for regional anaesthesia. TKA patients rely heavily on
quadricep strength during transfers, standing, gait initiation, stair climbing, and physio-
therapy. In sarcopenic patients, baseline quadricep reserve may already be critically re-
duced [42]. Any additional block-related motor weakness may therefore transform a man-
ageable postoperative state into clinically relevant immobility [25,35].

Consequently, sarcopenia should be viewed as a strong argument against quadriceps-
impairing techniques. Even partial weakness of the vastus medialis may be meaningful in
patients with low preoperative muscle strength. In this subgroup, motor-sparing ap-
proaches are not merely preferable; they are functionally necessary [43]. Preoperative
screening tools such as gait speed, grip strength, chair-rise testing, or the SARC-F question-
naire may help identify patients in whom motor preservation should be prioritised [40].

3.3. Delirium

Postoperative delirium is one of the most clinically important complications in older
surgical patients [44]. It is associated with prolonged hospitalisation, increased institu-
tional discharge, functional decline, cognitive deterioration, and mortality. After TKA, de-
lirium risk is influenced by age, comorbidity burden, baseline cognitive impairment, sleep
disruption, pain, opioid exposure, benzodiazepine use, and immobility [45].

Regional anaesthesia may contribute to delirium prevention through opioid-sparing
analgesia and improved pain control. However, analgesic strategies that preserve cogni-
tion but impair mobility may still indirectly increase delirium risk by promoting bed rest,
sleep fragmentation, dependence, and prolonged hospitalisation [46]. Thus, in older
adults, delirium prevention requires a balanced approach: adequate analgesia, avoidance
of excessive systemic opioids and sedatives, and preservation of mobility [47].

Motor-sparing regional techniques fit this objective particularly well. By reducing
opioid requirements while allowing for early ambulation, they address two modifiable
delirium-related pathways: pharmacological neurotoxicity and immobility-related func-
tional decline [46,48].

3.4. Falls

Falls after TKA are clinically significant events that may result in wound complica-
tions, periprosthetic fracture, loss of confidence, delayed rehabilitation, prolonged hospi-
talisation, or institutional discharge [49]. Older adults are especially vulnerable because
of impaired balance, reduced muscle strength, visual impairment, orthostatic hypoten-
sion, polypharmacy, and pre-existing gait instability [50].

Quadricep weakness is a major modifiable risk factor for falls after TKA [51]. Tech-
niques such as femoral nerve block provide effective analgesia but may impair knee ex-
tension strength and reduce dynamic stability during early ambulation [17]. Although fall
events are relatively infrequent and many trials are underpowered to detect them, near-
falls, delayed mobilisation, and reduced quadricep strength are clinically meaningful sur-
rogate outcomes [49].
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For geriatric patients, fall prevention should be considered a core endpoint of re-
gional analgesia [52]. The safest analgesic strategy is not necessarily the one that produces
the lowest resting pain score, but the one that enables the patient to stand, transfer, and
walk with preserved motor control [53]. This principle strongly favours sensory-predom-
inant techniques such as adductor canal block, local infiltration analgesia, genicular nerve
block, and posterior compartment blocks that avoid clinically significant motor impair-
ment in the tibial, common fibular, or femoral nerves [54].

3.5. Functional Recovery

Functional recovery after TKA depends on the interaction among analgesia, muscle
strength, motivation, cognition, access to rehabilitation, and baseline physical reserve [55].
Pain can limit participation in physiotherapy, but motor weakness can be equally restric-
tive. In older adults, the consequences of delayed mobilisation are amplified by lower
physiological reserve and faster deconditioning [29].

Traditional analgesic outcomes, such as pain scores at rest and cumulative opioid
consumption over 24-48 h, do not fully capture what matters most to geriatric patients
[11]. More relevant outcomes include time to first ambulation, walking distance, ability to
perform transfers, stair climbing, knee range of motion, discharge destination, need for
inpatient rehabilitation, and recovery of independence in activities of daily living [29].

This shift in perspective has important implications for research and clinical practice.
Regional anaesthesia studies in TKA should increasingly include mobility-centred and
geriatric-relevant endpoints rather than focusing exclusively on pain intensity [56]. A
block that produces a small analgesic advantage at the cost of measurable quadricep
weakness may not represent a net benefit in frail or sarcopenic patients [57].

3.6. Enhanced Recovery After Surgery

Enhanced Recovery After Surgery pathways for TKA emphasise multimodal, opioid-
sparing analgesia, early oral intake, rapid mobilisation, prevention of complications, and
a shorter hospital stay [29]. Motor-sparing regional anaesthesia is highly aligned with
these goals because it facilitates early physiotherapy while reducing reliance on systemic
opioids [58].

Within ERAS protocols, the optimal block is not evaluated in isolation but as part of
a broader recovery pathway [55]. Local infiltration analgesia, adductor canal block,
iPACK, popliteal plexus block, and genicular nerve block may each contribute to analge-
sia while preserving the motor function required for same-day or next-day mobilisation
[54]. Conversely, techniques associated with quadricep weakness may undermine ERAS
objectives, particularly in older adults with frailty, sarcopenia, or high fall risk [29].

In geriatric TKA, therefore, motor preservation should be considered a prerequisite
for successful enhanced recovery [58]. The most appropriate regional anaesthesia strategy
is the one that supports the entire recovery trajectory: adequate analgesia, opioid minimi-
sation, preserved strength, early ambulation, reduced risk of delirium, and safe discharge
[28] (Table 1).

Table 1. Traditional vs. Geriatric-Relevant Outcomes After TKA.

Commonly Reportedin  Clinical Relevance in

Outcome TKA Analgesia Studies Older Adults
Pain score (VAS/NRS) Yes Moderate
Opioid consumption Yes Moderate
Rescue analgesia Yes Low-Moderate
Duration of analgesia Yes Low
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Quadricep strength Sometimes High
Falls Rarely Very high
Near-falls Rarely Very high
Gait speed Rarely Very high
Walking distance Rarely High
Rehabilitation participation Rarely High
Delirium Rarely Very high
Discharge destination Rarely Very high
Functional independence Rarely Very high
Quality of life Rarely High

4. Anatomy Relevant to Motor-Sparing Analgesia

Successful motor-sparing analgesia after total knee arthroplasty requires a detailed
understanding of the innervation of the knee [59]. Unlike many surgical procedures that
involve a single dominant sensory pathway, postoperative pain after TKA originates from
multiple structures—including skin, periosteum, ligaments, menisci, synovium, and the
joint capsule —which receive overlapping innervation from the femoral, obturator, tibial,
sciatic, and common fibular nerves [60]. Consequently, no single peripheral nerve block
can reliably anaesthetise the entire surgical field.

From a clinical perspective, the knee can be divided into anterior and posterior com-
partments, each supplied by distinct sensory pathways and therefore requiring different
analgesic approaches [61].

4.1. Anterior Knee Innervation

The anterior compartment is predominantly innervated by branches of the femoral
nerve, with additional contributions from the obturator and sciatic nerve systems [59].
Anatomical studies have demonstrated that the anterior capsule receives sensory input
through a network of nerves supplying four functional quadrants.

The superomedial quadrant is innervated primarily by the nerve to vastus medialis
(NVM), the nerve to vastus intermedius (NVI), and the superomedial genicular nerve
(SMGN) [62]. The NVM is particularly important because it carries both sensory fibres to
the medial retinaculum and articular branches to the knee capsule while simultaneously
providing motor innervation to the vastus medialis muscle [15]. This dual role explains
why blocks performed near the femoral triangle may provide additional analgesia at the
expense of partial quadricep weakness [63].

The superolateral quadrant receives contributions from the nerve to vastus lateralis
(NVL), the lateral branch of the NVI, the superolateral genicular nerve (SLGN), and
branches of the common fibular nerve. The inferomedial quadrant is supplied mainly by
the inferomedial genicular nerve (IMGN), whereas the inferolateral quadrant is inner-
vated by the inferolateral genicular nerve (ILGN) and the recurrent fibular nerve (RFN)
[62]. Because of the close relationship between the ILGN and the common fibular nerve,
interventions targeting the inferolateral compartment may carry a risk of inadvertent mo-
tor blockade and foot drop [64].

4.2. Posterior Knee Innervation

The posterior capsule is responsible for a substantial proportion of postoperative
pain after TKA and is frequently inadequately covered by isolated anterior compartment
blocks [61].

Its innervation originates primarily from articular branches of the tibial nerve, with
additional contributions from the posterior branch of the obturator nerve, the sciatic
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nerve, and the common fibular nerve [65]. These branches form a dense sensory network
known as the popliteal plexus [20]. Importantly, the popliteal plexus contains predomi-
nantly sensory fibres supplying the posterior capsule while remaining anatomically dis-
tinct from the major motor branches of the tibial and common fibular nerves [66].

This anatomical arrangement underpins posterior motor-sparing techniques such as
iPACK and popliteal plexus block (PPB), both of which aim to anaesthetise posterior cap-
sular afferents while preserving distal motor function [67,68] (Figure 1).
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Figure 1. Schematic representation of knee innervation. Abbreviations: NVM = nerve to the vastus
medialis; NVI = nerve to the vastus intermedius; NVL = nerve to the vastus lateralis; IPBSN = in-
frapatellar branch of the saphenous nerve; SMGN/SLGN/IMGN/ILGN = superomedial/superol-
ateral/inferomedial/inferolateral genicular nerves; TN = tibial nerve; CFN = common fibular nerve;

REN = recurrent fibular nerve; SN = saphenous nerve; PON = posterior branch of obturator nerve.

4.3. Cutaneous Innervation and the Surgical Incision

Although postoperative pain is often attributed primarily to deep articular struc-
tures, the midline surgical incision represents an important and frequently overlooked
source of pain after TKA [69].

The distal portion of the incision is supplied predominantly by the infrapatellar
branch of the saphenous nerve (IPBSN), which is routinely covered by an adductor canal
block [15]. However, the proximal and central portions of the incision are innervated by
the anterior femoral cutaneous nerve (AFCN), consisting of the medial femoral cutaneous
nerve (MFCN) and intermediate femoral cutaneous nerve (IFCN) [16].

This anatomical distinction explains why some patients continue to experience sig-
nificant incisional pain despite a technically successful adductor canal block [63]. It also
provides the anatomical basis for newer supplementary techniques such as anterior fem-
oral cutaneous nerve block (AFCNB), which specifically targets sensory territories not
routinely covered by conventional motor-sparing approaches [69] (Figure 2).
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IFCN

MFCN

FRTRY

Figure 2. Skin innervation. Abbreviations: MFCN = medial femoral cutaneous nerve; IFCN = inter-

mediate femoral cutaneous nerve; SN = saphenous nerve; red line = incision line.

4.4. Anatomical Targets for Motor-Sparing Analgesia

From the perspective of postoperative function, not all neural targets are equally de-
sirable. The central challenge of motor-sparing analgesia is to maximise sensory blockade
while preserving quadricep function [14].

The most important sensory targets include the infrapatellar branch of the saphenous
nerve, articular branches of the NVM, the medial and intermediate femoral cutaneous
nerves, the genicular nerves, and the popliteal plexus [30]. In contrast, techniques per-
formed too proximally may involve motor branches supplying the quadricep muscle, par-
ticularly the NVM and the femoral nerve itself [63].

This anatomical principle underlies the evolution of modern TKA analgesia. Con-
temporary motor-sparing strategies increasingly focus on selective blockade of distal sen-
sory branches rather than proximal mixed nerves, thereby preserving quadricep strength
while maintaining clinically meaningful analgesia [70]. Understanding these anatomical
relationships is essential for interpreting the advantages and limitations of currently avail-
able regional anaesthesia techniques.

https://doi.org/10.3390/jcm15156071
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Table 2 summarises the relationship between the principal anatomical targets, corre-
sponding regional techniques, expected sensory coverage, and potential risk of motor im-
pairment.

Table 2. Anatomical Targets, Corresponding Techniques, Sensory Coverage, and Potential Motor Risk.

Anatomical Target

Corresponding

Technique(s) Principal Sensory Territory Potential Motor Impairment

Saphenous nerve and in-

Anteromedial knee, medial Low; proximal injection or high-vol-

frapatellar branch in the distal ACB lower leg, distal incision, and ume spread may involve branches as-

adductor canal [15,63]

part of the anterior capsule sociated with the NVM

Articular branches of the

NVM and distal femoral trian-FTB, DSB, TIPS

gle [16,62,71,72]

Moderate or uncertain; proximal

ial 1
Superomedial capsule and spread may involve the motor compo-

medial retinacular region

MEFCN and IFCN [16,69]

nent of the NVM
AFCNB; cutane- . .. .
Central and proximal por- ~ Minimal; these are predominantly cuta-
ous component of C e
TIPS tions of the surgical incision neous sensory targets

Popliteal plexus and posterior

capsular branches [20,65-68]

Low when the injection remains selec-
tive; spread to the tibial or common fib-
ular nerve may impair distal motor
function

iPACK, PPB Posterior capsule

Genicular nerves, particularly

Periosteal and capsular sen- .
o P . Very low for selective targets; the ILGN
sory territories surrounding

SMGN, SLGN, and IMGN  GNB o requires caution because of its proxim-
the femoral and tibial con- | .
[62,64,73] ity to the common fibular nerve
dyles
inimal direct motor risk; safety is in-
Periarticular tissues and sur- Broad capsular, periosteal, Minima 1r§c motor risk; satety 1s in
. LIA . fluenced mainly by the total local-an-
gical field [17,74] and incisional coverage .
aesthetic dose
Lumbar paraspinal fascial Diffuse and variably distrib- Low in the available small trials, but
plane with indirect nerve-root ESPB uted analgesia; knee-specific spread and clinical effects remain un-
spread [75-77] coverage is indirect predictable
High; ictabl i k
Femoral nerve [63,78] FNB Broad anterior knee coverage igh; predictable quadricep weakness

may delay mobilisation

Abbreviations: ACB, adductor canal block; AFCNB, anterior femoral cutaneous nerve block; DSB,
dual subsartorial block; ESPB, erector spinae plane block; FNB, femoral nerve block; FTB, femoral
triangle block; GNB, genicular nerve block; IFCN, intermediate femoral cutaneous nerve; ILGN,
inferolateral genicular nerve; IMGN, inferomedial genicular nerve; iPACK, infiltration between the
popliteal artery and capsule of the knee; LIA, local infiltration analgesia; MFCN, medial femoral
cutaneous nerve; NVM, nerve to vastus medialis; PPB, popliteal plexus block; SLGN, superolateral
genicular nerve; SMGN, superomedial genicular nerve; TIPS, triple-injection peri-sartorius block.
Motor-risk categories are qualitative and reflect anatomical proximity and the available clinical ev-

idence rather than formally estimated event rates.

5. Evidence-Informed Review of Motor-Sparing Techniques

The rapid evolution of regional anaesthesia for total knee arthroplasty (TKA) has led
to multiple motor-sparing approaches with varying degrees of clinical validation [30]. Their
value differs according to analgesic efficacy, functional implications, and the population
studied. Unless a study is explicitly labelled as geriatric-specific below, the evidence derives
from older-enriched mixed-age or mixed-age adult populations, and its application to frail
or sarcopenic older adults is an extrapolation. Available techniques are categorised as estab-
lished, emerging, experimental, or generally unsuitable for geriatric practice [79].
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In this review, “established” denotes techniques supported by replicated randomised
evidence and/or systematic reviews; “emerging” denotes techniques with promising clin-
ical evidence but limited replication or population directness; and “experimental” denotes
techniques supported mainly by small preliminary studies or anatomical rationale with-
out adequate independent validation. These labels are pragmatic narrative descriptors ra-
ther than formal grades of recommendation. Classification as generally unsuitable for frail
or sarcopenic patients reflects an unfavourable motor-risk profile rather than a lack of an-
algesic efficacy.

5.1. Established Techniques
5.1.1. Adductor Canal Block (ACB)

ACB is widely regarded as the cornerstone of contemporary motor-sparing analgesia
for total knee arthroplasty. By targeting the saphenous nerve and distal sensory branches
of the femoral nerve while largely preserving quadricep function, ACB provides an effec-
tive balance between analgesia and early mobilisation [80].

Numerous randomised controlled trials and meta-analyses have demonstrated that
ACB provides analgesia comparable to that of femoral nerve block (FNB) while signifi-
cantly reducing quadricep weakness and facilitating earlier ambulation [63,81]. These ad-
vantages are particularly relevant in frail and sarcopenic older adults, in whom even tran-
sient motor impairment may delay rehabilitation, increase fall risk, and compromise func-
tional recovery [82]. A representative fall-risk RCT enrolled 62 adults aged 18-80 years
undergoing primary unilateral TKA (ASA I-III). Revision TKA, BMI > 40 kg/m?, chronic
opioid use, renal impairment or coagulopathy, and inability to provide informed consent
were key exclusions [81]. ACB preserved quadricep strength better than FNB, but the
study did not demonstrate a statistically significant reduction in high fall risk and was
underpowered for rare fall events. No age-stratified, frailty, or sarcopenia analysis was
reported; geriatric conclusions from this trial are therefore extrapolated.

Although ACB alone may not provide complete coverage of all nociceptive pathways
involved in TKA, it serves as an effective foundation for multimodal motor-sparing analgesia
[83]. Contemporary evidence supports its use in combination with local infiltration analgesia
(LIA) and, when additional posterior coverage is required, with iPACK or popliteal plexus
block (PPB). This combined approach aligns closely with Enhanced Recovery After Surgery
(ERAS) principles by providing effective analgesia while preserving mobility [68,84].

From a geriatric perspective, the principal value of ACB lies not only in pain reduc-
tion but also in its ability to maintain quadricep strength and support early functional
recovery [85]. Consequently, ACB remains the reference motor-sparing technique against
which newer approaches are increasingly compared [15].

5.1.2. Local Infiltration Analgesia (LIA)

Local infiltration analgesia has become a cornerstone of multimodal analgesia after
TKA [17,86]. The technique involves periarticular infiltration of diluted local anaesthetic
solutions during surgery and provides broad coverage of multiple nociceptive pathways
without producing clinically significant motor weakness [74].

Evidence consistently demonstrates that LIA provides effective analgesia extending into
the early postoperative period and supports rapid mobilisation. Its simplicity and surgeon-
controlled administration make it widely applicable across diverse clinical settings [17].

The principal concern regarding LIA is the high doses of local anaesthetic commonly
used. Although systemic toxicity remains uncommon, older adults may possess a narrower
safety margin because of altered pharmacokinetics, reduced protein binding, and increased
comorbidity burden [87]. Careful dose calculation and vigilance for local anaesthetic systemic
toxicity (LAST) are therefore particularly important in geriatric populations [88].
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Several systematic reviews suggest that combining LIA with ACB produces superior
analgesia compared with either technique alone [89-91].

5.1.3. Posterior Compartment Blocks: iPACK and Popliteal Plexus Block (PPB)

While ACB effectively addresses anterior knee pain, it provides limited coverage of
the posterior capsule. Because posterior knee pain affects a substantial proportion of pa-
tients after TKA, supplementary posterior compartment blocks have gained increasing
popularity [92].

The infiltration between the popliteal artery and the capsule of the knee (iPACK)
block targets sensory branches of the popliteal plexus while preserving tibial and common
fibular motor function [93]. Multiple systematic reviews and network meta-analyses have
demonstrated improved analgesia and reduced opioid consumption when iPACK is com-
bined with ACB, particularly when LIA is not administered [19,94]. One large RCT of
iPACK + ACB versus sham enrolled 366 adults aged > 18 years undergoing elective pri-
mary unilateral TKA under spinal anaesthesia (ASA I-III) [68]. Opioid abuse, severe renal
or hepatic failure, pre-existing lower-limb neurological disorders, and psychiatric or cog-
nitive problems precluding reliable pain assessment were key exclusions. Range of mo-
tion and quadricep strength improved with iPACK + ACB, but age-specific, frailty, sarco-
penia, falls, delirium, and independence outcomes were not reported; application to ger-
iatric vulnerability is therefore extrapolated.

The popliteal plexus block (PPB) has emerged as a more anatomically selective alter-
native [20]. Current evidence suggests analgesic efficacy comparable to iPACK while pre-
serving motor function [67]. An additional practical advantage is that PPB can often be
performed without repositioning the patient, simplifying workflow. Despite growing in-
terest in PPB, iPACK currently possesses a larger evidence base and remains the more
established technique.

5.2. Emerging Techniques
5.2.1. Genicular Nerve Block (GNB)

Genicular nerve block (GNB) has attracted considerable attention as a highly selective
sensory technique targeting the terminal articular branches supplying the knee [18]. Un-
like proximal nerve blocks, GNB directly addresses the nociceptive pathways responsible
for postoperative pain while minimising the risk of motor impairment [73].

Recent meta-analyses demonstrate significant reductions in both resting and dy-
namic pain following TKA. An additional advantage is the markedly lower volume of
local anaesthetic required compared with LIA, which may reduce the risk of systemic tox-
icity [64,73,95].

The long-term role of GNB remains uncertain. Questions persist regarding optimal
targets, injection volumes, and integration into multimodal protocols. Nevertheless, cur-
rent evidence suggests substantial clinical potential [96].

5.2.2. Anterior Femoral Cutaneous Nerve Block (AFCNB)

Anatomical studies have demonstrated that conventional ACB does not reliably
anaesthetise the entire TKA incision [16]. While the distal portion is supplied by the in-
frapatellar branch of the saphenous nerve, the central and proximal segments receive in-
nervation from the anterior femoral cutaneous nerve [69]. AFCNB was developed specif-
ically to address this gap. The available RCT analysed 79 adults aged < 80 years (group
means 61.9 and 65.2 years), with ASA I-III and BMI 18-40 kg/m?, undergoing elective
primary TKA for osteoarthritis; severe deformity, chronic opioid use, and inability to co-
operate were key exclusions [16]. Adding AFCNB to FTB reduced movement and incision
pain, improved POD2 Timed Up and Go performance, and improved one PODO
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quadricep measure. However, the trial was not geriatric-specific and did not stratify par-
ticipants by frailty or sarcopenia; its geriatric applicability remains extrapolated.

5.3. Experimental Techniques
5.3.1. Dual Subsartorial Block (DSB)

The dual subsartorial block combines injections within the distal femoral triangle and
the adductor canal to broaden sensory coverage [71,97]. Early randomised data suggest
improved analgesia and reduced opioid requirements compared with conventional ap-
proaches [98]. Despite encouraging results, evidence is currently limited to a small num-
ber of studies [99]. Furthermore, because one injection is performed near the vastus me-
dialis nerve, theoretical concerns remain about subtle motor impairment [71].

5.3.2. Triple-Injection Peri-Sartorius Block (TIPS)

TIPS extends the DSB concept by adding a third injection targeting the intermediate
femoral cutaneous nerve. Preliminary studies have demonstrated improved dynamic
pain control, lower opioid consumption, and enhanced functional recovery compared
with more conventional approaches [72,98].

However, the evidence base remains extremely limited, and independent validation
is lacking. As with DSB, the proximity of some injection sites to the vastus medialis nerve
raises theoretical concerns regarding motor preservation [72].

5.3.3. Erector Spinae Plane Block (ESPB)

The erector spinae plane block has recently been proposed as a motor-sparing alter-
native for TKA through indirect blockade of lumbar and sacral nerve roots. Theoretical
advantages include technical simplicity and broad analgesic coverage [75-77].

Only two small, single-centre RCTs specifically evaluated ESPB in older adults un-
dergoing TKA [75,76]. Reysner et al. reported 90 participants aged 65-89 years (ASA I-III)
and excluded chronic pain, inability to assess pain, anticoagulation or bleeding diathesis,
general anaesthesia, and non-standard implant or ligament-release procedures [76]. Pie-
traszek et al. enrolled 60 patients aged 65-100 years and excluded cognitive or communi-
cation impairment, chronic opioid use, operative-limb neuropathy, coagulopathy, infec-
tion, and local-anaesthetic contraindications [75]. Both trials found higher opioid require-
ments with ESPB than with iPACK + ACB while quadricep strength was preserved. Nei-
ther assessed frailty, sarcopenia, gait, falls, delirium, discharge destination, or activities of
daily living, and independent replication is lacking. ESPB may be a rescue option when
peripheral blocks are impractical, but current data do not support its routine first-line use.

5.4. Technique Requiring Caution When Motor Preservation Is Critical
Femoral Nerve Block (FNB)

For many years, femoral nerve block represented the standard regional analgesic
technique for TKA [28]. Although it provides excellent analgesia, its principal limitation
is predictable quadricep weakness resulting from blockade of motor fibres innervating the
quadriceps [78].

In younger patients, this weakness is usually transient and clinically manageable. In
frail or sarcopenic older adults, however, the consequences may be substantially greater.
Reduced quadricep strength may delay mobilisation, increase dependence on assistance,
impair participation in physiotherapy, and elevate the risk of falls [100].

While isolated studies suggest potential reductions in postoperative delirium with
improved analgesia, these benefits do not outweigh the consistent evidence that FNB is
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associated with impaired functional recovery compared with motor-sparing alternatives

[101] (Tables 3 and 4).

Table 3. Geriatric-Relevant Outcomes, Eligibility Criteria, and Population Source in Representative

Included Studies.

Geriatric-Relevant Out- Representative Study and Significant Eligibil-
come ity Criteria

Population Source

Finding and Remaining Gap

Pietraszek et al. [75], RCT, n = 60; age 65-100
years; elective primary TKA under spinal anaes-

. . . . S . Geriatric-specific;
Quadricep strength; opi-thesia. Excluded cognitive/communication im- P

frailty/sarcopenia
oid exposure pairment, chronic opioid use, operative-limb y/ p
neuropathy, coagulopathy/infection, and local-

anaesthetic contraindications.

not measured

MRC strength remained preserved in
both groups; iPACK + ACB reduced
48 h MME versus two-level ESPB.
Gait, falls, delirium, discharge desti-
nation, and ADL were not assessed.

Reysner et al. [76], RCT, n = 90; reported cohort

age 65-89 years, ASA I-1II, primary OA/standard Geriatric-specific;
CR TKA. Excluded chronic pain, inability to as- frailty/sarcopenia
sess pain, anticoagulation/bleeding diathesis,
general anaesthesia, and non-standard surgery.

Quadricep strength; opi-

oid exposure
not measured

No between-group difference in
quadricep strength; iPACK + ACB re-
duced opioid use versus L-ESPB or
no block. No gait, falls, delirium, dis-
charge, or ADL outcomes.

Domagalska et al. [68], RCT, n = 366; adults > 18

Range of motion; quad years, ASA I-II], elective primary unilateral TKA.Mixed-age adult;

. Key exclusions included opioid abuse, severe or- no age-stratified
ricep strength

gan failure, lower-limb neurological disorders,
and inability to assess pain reliably.

results

iPACK + ACB improved ROM and
quadricep strength versus sham. Ap-
plication to frailty and sarcopenia is
extrapolated.

Kampitak et al. [16], RCT, n =79 analysed; age
TUG; quadricep <80 years, mean ages 61.9/65.2 years; ASA I-1II,
strength; length of stay BMI 18-40. Excluded severe deformity, chronic
opioid use, and inability to cooperate.

Older-enriched
mixed-age; no >
s65 subgroup

AFCNB + FTB improved POD2 TUG
and one PODO0 quadricep measure;
length of stay was similar. No
frailty/sarcopenia stratification.

Elkassabany et al. [81], RCT, n = 62; age 18-80
years, primary unilateral TKA, ASA I-II. Ex-

Fall risk; gait; quadricep 3.4 revision TKA, BMI > 40, chronic opioid

Mixed-age adult;

ACB preserved quadricep strength;
TUG and walking distance were simi-
lar, and high fall-risk proportions did

trength 1d
streng use, renal impairment/coagulopathy, and inabil- no older subgroup not differ significantly. The trial was
ity to consent. underpowered for actual falls.
Frailty ind dentl dicted acut
Jin et al. [102], prospective cohort, n = 164; age > . rafty indepencently precicted acute
. . . . Geriatric- and and chronic postsurgical pain. The
Frailty and 65 years, primary TKA; frailty measured using a

acute/chronic pain comprehensive geriatric assessment-based frailty

index.

frailty-specific; no study does not establish which re-
block comparison gional technique improves geriatric

functional outcomes.

Sarcopenia-spe-
Sarcopenia and func-
tional recovery

Shon et al. [42], cohort, n = 445; 42 patients met
AWGS 2019 sarcopenia criteria.

cific; not a re-
gional-analgesia
study

PROMs were worse through 6
months, except for pain, but not at 12
months. No comparison of blocks or
early geriatric outcomes.

Delirium; discharge des-No included geriatric-specific regional-analgesia

tination; ADL independ-RCT reported these outcomes or stratified them No direct evidence

ence; long-term mobilityby frailty or sarcopenia.

Technique-specific effects on these
priority outcomes remain unknown.

Geriatric-specific evidence was defined as an all- 265 cohort or a separately reported >65 subgroup.

Older-enriched mixed-age evidence included younger adults but had a cohort mean or median age

of approximately 265 years. Mixed-age adult evidence allowed for younger participants’ results and

did not report separate older-adult results. Application of the latter two evidence categories to

frailty or sarcopenia represents extrapolation.

Table 4. Evidence-Informed Hierarchy of Motor-Sparing Techniques for TKA.

Technique  Analgesic Efficacy Motor Preservation  Evidence Tier Role in Frail/Sarcopenic Patients
ACB High High High First-line
LIA High High High First-line
iPACK Moderate-High High High Adjunct
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PPB Moderate-High High Moderate Adjunct
GNB Moderate Very high Moderate Promising
AFCNB Moderate Very high Limited Promising
DSB Moderate Uncertain Very limited Experimental
TIPS Moderate Uncertain Very limited Experimental
ESPB Low-Moderate High Limited Rescue option
. . Use with caution; often less suitable
FNB High Low High C
when motor preservation is critical
ACB: adductor canal block; AFCNB: anterior femoral cutaneous nerve block; DSB: dual subsartorial
block; ESPB: erector spinae plane block; FNB: femoral nerve block; GNB: genicular nerve block;
iPACK: infiltration between the popliteal artery and capsule of the knee; LIA: local infiltration an-
algesia; PPB: popliteal plexus block; TIPS: triple-injection peri-sartorius block. Evidence tiers were
assigned according to the descriptive criteria reported in the Methods and do not represent a formal
GRADE assessment. The hierarchy integrates clinical evidence, population directness, anatomical
reasoning, and geriatric recovery priorities.
6. Clinical Decision Framework for Frail and Sarcopenic Patients
Undergoing TKA
Although numerous regional anaesthesia techniques have been described for total
knee arthroplasty, evidence-informed guidance for selecting an optimal strategy in older
adults remains limited [28]. Most available studies focus on analgesic efficacy rather than
patient-specific factors such as frailty, sarcopenia, fall risk, cognitive vulnerability, or sus-
ceptibility to local anaesthetic toxicity [25,88,101-103]. Given the lack of dedicated ran-
domised trials in these populations, the following framework synthesises current anatom-
ical knowledge, available clinical evidence, and geriatric principles. Rather than prioritis-
ing pain scores alone, the proposed approach emphasises preservation of mobility, func-
tional independence, and safe recovery (Table 5).
Table 5. Proposed Pragmatic Clinical Decision Framework for Motor-Sparing Analgesia in Older
Adults Undergoing TKA.
Chmca.l Sce- Primary Goal Preferred Consider 1.\v01d/U?e Evidence Basis Rationale
nario Strategy with Caution
Standard older Ealance anal‘g.e- ACB + Mixed-age adult RCT/MA; Most consistent ev1c.1ence
. sia and mobilisa-ACB + LIA | — extrapolated to routine> base for motor-sparing
patient . iPACK/PPB . .
tion 65 care multimodal analgesia
Preserve func- . . Minimise motor impair-
tional reserve Extrapolation; no frailty- ment and opioid exposure;
Frailty ) ACB+LIA PPB,GNB  FNB specific regional-block 1 OpLOIC EXPOSUTE;
and independ- no dedicated frailty RCTs
RCT .
ence available
Extrapolation: no sarcope Even mild motor weakness
Xtra ation; n ar -
. Preserve quad- ACB =+ FNB, FTB, xtrapoation; o p may impair ambulation;
Sarcopenia . GNB nia-specific regional-block . e
ricep strength ~ AFCNB DSB, TIPS no sarcopenia-specific
RCT
RCTs
Maximise gait Mixedage adult RCTMA; LR EECRE 00
High fall risk 84" ACB+LIA AFCNB FNB extrapolated; actual falls  Po o ooy
safety ated with falls in meta-
underpowered .
analysis
Reduce OPIOId C g . . Delirium is linked to opi-
Hieh delirium consumption Opioid-in-  Indirect adult evidence; no oids and immobility; mo-
& and promote ~ ACB+LIA GNB,iPACK tensive strat- geriatric-specific delirium !

risk

early mobilisa-
tion

tor-sparing blocks address

outcome
both

egies
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Improve poste-

Mixed-age RCT/MA plus Sensory posterior coverage

Persistent poste- ACB Sciati
CTOIStent POSIeT oy compart- § PPB CIAICTCIVE 4o small > 65 combina-  with preserved tibial and
rior knee pain . iPACK block . . .
ment analgesia tion RCTs fibular motor function
C MFCN/IFCN terri-
Persistent inci- Improve cutane- Older-enriched mixed-age Of’ers . 4 e
. . . AFCNB - — tories not reliably blocked
sion pain ous analgesia RCT; no 265 subgroup
by ACB
. Small LA volumes may
Minimise local High-volumeMixed-age adult evidence; improve safe in i
igh-volumeMixed-age a vidence; improve safety margin in
High LAST risk anaesthetic ex- GNB ACB ghvolu ge adu ;P ty marg
LIA extrapolated older adults with altered
pharmacokinetics
Peripheral block Rescue option; two RCTs
technically diffi- Provide alterna- SPB Two small geriatric-spe-  in the older adults show

cult or contrain- tive analgesia

dicated

cific RCTs inferiority to ACB +
iPACK —not first-line

ACB: adductor canal block; AFCNB: anterior femoral cutaneous nerve block; DSB: dual subsartorial
block; ESPB: erector spinae plane block; FNB: femoral nerve block; FTB: femoral triangle block; GNB:
genicular nerve block; iPACK: infiltration between the popliteal artery and capsule of the knee; LA:
local anaesthetic; LAST: local anaesthetic systemic toxicity; LIA: local infiltration analgesia; MFCN:
medial femoral cutaneous nerve; IFCN: intermediate femoral cutaneous nerve; PPB: popliteal
plexus block; RCT: randomised controlled trial; MA: meta-analysis; TIPS: triple-injection peri-sarto-
rius block. Evidence basis: High RCT/MA = supported by randomised controlled trials or meta-
analyses; Extrapolation = inferred from mixed-age adult data; Low = limited to one or two small

trials; Expert opinion = based on anatomical rationale and clinical reasoning.

7. Key Clinical Messages

First, ACB remains the cornerstone of motor-sparing analgesia and forms the basis
of most recommended strategies [70,104]. Second, the preservation of quadricep strength
should be prioritised in frail and sarcopenic patients, in whom even transient motor weak-
ness may delay recovery and increase the risk of falls [53,62,105]. Third, GNB and AFCNB
appear particularly attractive as supplementary techniques because they expand sensory
coverage while maintaining a highly favourable motor profile [18,69]. Finally, although
ESPB may provide useful analgesia when peripheral nerve blocks are impractical, current
evidence does not support its routine use as a first-line motor-sparing strategy [75,76]. The
proposed framework is summarised in Figure 3. It should be interpreted as a pragmatic
decision aid rather than a formal guideline or prospectively validated algorithm, because
its recommendations integrate direct and indirect clinical evidence, extrapolation from
mixed-age cohorts, anatomical reasoning, and geriatric principles.
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Frailty or sarcopenia  fall risk « delirium risk
Local anaesthetic systemic toxicity risk
A ‘ J
I N\ ( R
USUAL FOUNDATION
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L Preserve mobility while providing effective analgesia )
when quadriceps
l preservation is critical
TAILOR ADJUNCTS TO CLINICAL NEED
Select one or more only when clinically indicated .
« Predictable
' v ' quadriceps weakness
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POSTERIOR LOW-VOLUME e
- mobilisation
COVERAGE INCISIONAL PAIN STRATEGY
« May increase
Required, or LIA Residual anterior When local-anaesthetic fall risk
not performed cutaneous pain exposure is a concern
Consider iPACK or PPB Consider AFCNB Consider GNB
- I 4 - J & l J
A
IF PERIPHERAL BLOCKS ARE IMPRACTICAL OR CONTRAINDICATED
Individualise according
Consider ESPB as an alternative/rescue option = f"a'sesic TG
Use when more selective peripheral techniques are not feasible unctional reserve
l (& J
REASSESS RECOVERY
Pain « quadriceps strength ¢ gait * cognition
Continue multimodal, opioid-sparing care and adjust the plan as needed
EVIDENCE-INFORMED DECISION AID — NOT A FORMAL GUIDELINE
Integrates direct and indirect evidence, mixed-ag lati reasoning, and geriatric principles

Figure 3. Simplified pragmatic decision aid for motor-sparing analgesia in older adults undergoing
TKA. ACB with dose-appropriate LIA is the usual foundation, while posterior or cutaneous adjuncts
should be selected based on the expected pain territory and individual risk profile. GNB may be
considered when a low-volume strategy is desirable, and ESPB may serve as an alternative when
peripheral blocks are impractical. FNB should be used cautiously when preservation of quadricep

function is critical. This algorithm is evidence-informed and does not constitute a formal guideline.

8. Knowledge Gaps and Future Directions

Despite the rapid development of motor-sparing regional anaesthesia techniques for
total knee arthroplasty, significant gaps remain in the current evidence base [62]. Most
available randomised controlled trials have focused on short-term analgesic outcomes,
including pain scores, opioid consumption, and duration of analgesia [70]. While these
endpoints are important, they may not adequately reflect recovery priorities in older
adults, particularly those with frailty or sarcopenia [11,29].
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A notable limitation is the paucity —not complete absence —of geriatric-specific trials.
Two small single-centre RCTs reported cohorts composed exclusively of adults aged >65
years, but both evaluated ESPB against iPACK + ACB and neither assessed frailty, sarco-
penia, gait, falls, delirium, discharge destination, or independence [75,76]. Most other tri-
als were mixed-age or older-enriched mixed-age and frequently excluded cognitive im-
pairment, chronic opioid use, severe comorbidity, or inability to complete outcome test-
ing. Recommendations for frail and sarcopenic patients are therefore largely extrapolated
from younger and physiologically selected cohorts.

Evidence regarding motor-sparing regional anaesthesia and postoperative delirium
remains indirect [106,107]. Although opioid-sparing strategies may plausibly reduce de-
lirium risk, no included geriatric-specific regional-block trial measured delirium, and no
causal reduction can be claimed [107,108]. Future studies should use standardised delir-
ium assessments and treat cognitive recovery as a prespecified outcome (Table 6).

Table 6. Knowledge Gaps in Motor-Sparing Analgesia for Frail and Sarcopenic Patients Undergoing
TKA.

Domain

Current Evidence Clinical Importance

Geriatric-specific regional-block  Two small ESPB-comparator RCTs; no frailty/sar-

Very high

RCTs copenia stratification

Frailty-specific RCTs None Very high
Sarcopenia-specific RCTs None Very high

Delirium outcomes Absent from geriatric-specific regional-block High

RCTs

Fall incidence No adequately powered geriatric-specific RCT High

Near-fall events Rarely reported High
Gait speed Rarely reported Very high
Functional independence Absent from geriatric-specific block trials Very high
Discharge destination Absent from geriatric-specific block trials Very high
Long-term mobility Limited Very high
Nursing home discharge Absent Very high
Cost-effectiveness Absent Moderate

Collectively, these gaps highlight a fundamental mismatch between the outcomes currently re-
ported in TKA analgesia trials and those most relevant to geriatric patients [109]. Future studies
should move beyond pain-centred endpoints and incorporate assessments of frailty, mobility
measures, delirium outcomes, discharge destination, and long-term functional recovery [25,110].
Such an approach would provide clinicians with evidence that better reflects the priorities of older
adults undergoing TKA.

9. Conclusions

On the basis of evidence derived predominantly from mixed-age adult populations,
ACB combined with LIA appears to provide the most defensible foundation for contempo-
rary motor-sparing analgesia after TKA. iPACK and PPB may be considered when addi-
tional posterior coverage is required. GNB and AFCNB are promising sensory-selective ad-
juncts, but their effectiveness and functional safety in patients with frailty or sarcopenia re-
quire prospective validation. DSB, TIPS, and ESPB should currently be regarded as investi-
gational or alternative techniques rather than established geriatric standards. FNB may be
less suitable when preservation of quadricep function is a primary recovery objective.

Dedicated trials stratified by frailty and sarcopenia are needed before population-
specific recommendations can be considered definitive. Future studies should prioritise
mobility, falls and near-falls, delirium, discharge destination, functional independence,
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and quality of life, in addition to pain and opioid consumption. The proposed approaches
identify promising directions for such clinical trials but should not be interpreted as for-
mal practice guidelines.
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self-assessment.

Author Contributions: Conceptualisation: P.P., A.K. and M.R.; methodology: P.P., T.R. and M.R;;
literature review and data curation: P.P., A K., A.P. and J.M.-B.; writing —original draft preparation:
P.P.and M.R,; writing—review and editing: M.R., T.R,, AB.-S.and KW.-T; supervision: M.R., A.B.-
S. and K.W.-T. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: No new data were created or analysed in this study. Data sharing is

not applicable to this article.

Acknowledgments: The authors would like to thank colleagues from the Departments of Anaesthe-
siology, Intensive Care, and Palliative Medicine of Poznan University of Medical Sciences for their

valuable discussions and support during the preparation of this manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

ACB adductor canal block

AFCN anterior femoral cutaneous nerve
AFCNB anterior femoral cutaneous nerve block
C-ACB continuous adductor canal block

DSB dual subsartorial block

ERAS enhanced recovery after surgery

ESPB erector spinae plane block

FNB femoral nerve block

FTB femoral triangle block

GNB genicular nerve block

IFCN intermediate femoral cutaneous nerve
ILGN inferolateral genicular nerve

IMGN inferomedial genicular nerve

iPACK infiltration between the popliteal artery and capsule of the knee
IPBSN infrapatellar branch of the saphenous nerve
LA local anaesthetic

LAST local anaesthetic systemic toxicity

LIA local infiltration analgesia

MA meta-analysis

MECN medial femoral cutaneous nerve

NRS numerical rating scale

NVI nerve to the vastus intermedius

NVL nerve to the vastus lateralis

NVM nerve to the vastus medialis

PPB popliteal plexus block

RCT randomised controlled trial

REN recurrent fibular nerve

SARC-F Strength, Assistance walking, Rise, Climb, Falls questionnaire
SLGN superolateral genicular nerve

SMGN superomedial genicular nerve

SN saphenous nerve

TIPS triple-injection peri-sartorius block
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TKA total knee arthroplasty
VAS visual analogue scale
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