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Abstract: Pain management after total knee arthroplasty (TKA) is pivotal for optimizing patient recovery. Approximately 80% of patients

experience moderate-to-severe acute postoperative pain, with 30% progressing to chronic pain. While the traditional femoral nerve block
provides effective analgesia, it compromises quadriceps muscle strength, thereby impeding early rehabilitation. The adductor canal block (ACB) ,
an emerging regional analgesic technique, can offer favorable pain relief while preserving motor function, though debate persists regarding
its optimal approach. This review evaluates the safety and efficacy of distinct ACB approaches, focusing on their impacts on postoperative pain

control and early functional recovery, aims to provide evidence- based guidance for clinical decision-making in TKA pain management.
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With the aging of the population and the rising
prevalence of obesity, the incidence of knee osteoarthritis
has increased year by year. Total knee arthroplasty (TKA)
has become an important surgical approach to improve the
quality of life of patients [1]. However, intraoperative
stimulation of the joint capsule, synovial tissue, and free
nerve endings in the infrapatellar fat pad during TKA [2]
can lead to severe postoperative pain within 24—48 hours.
An ideal analgesic regimen should provide adequate pain
relief while preserving muscle function. Currently,
multimodal analgesia has become the mainstream strategy
for postoperative analgesia after TKA, among which
ultrasound-guided regional block is widely adopted due to
its accuracy and safety. Although femoral nerve block
(FNB) was once the gold standard for postoperative
analgesia after TKA, its adverse effect on quadriceps
muscle strength limits the early rehabilitation of patients
[2-3]. Adductor canal block (ACB) selectively blocks the
saphenous nerve [4-5] and reduces motor nerve block [6],
thus emerging as an alternative to FNB. However, the
optimal approach for ACB (proximal, mid, or distal)
remains controversial. Based on recent studies, this article
discusses the anatomical basis, operative techniques, and
clinical efficacy of ACB with different approaches, aiming
to provide evidence for optimizing postoperative analgesia
after TKA.

1 Anatomical Characteristics of the Adductor
Canal

1.1 Macroanatomical Structure of the Adductor
Canal

The adductor canal, also known as the subsartorial
canal or Hunter’s canal, is a conical aponeurotic tunnel [7-
8]. It traverses the distal third of the medial thigh and

serves as a pathway for neurovascular structures from the
femoral triangle to the adductor hiatus [9]. Its length ranges
from 8.5 to 11.5 cm (longer in males and shorter in females
[10]). The anterior wall consists of the vastus medialis and
sartorius muscles; the posterior wall is formed by the
adductor longus and adductor magnus muscles; and the
medial wall is the gracilis muscle. The adductor canal
contains the femoral artery, femoral vein, and saphenous
nerve, all of which are enveloped by the dense
vastoadductor membrane (VAM).

1.2 Regional Boundaries of the Adductor Canal

The proximal boundary of the adductor canal is
marked by the junction of the medial margins of the
sartorius and adductor longus muscles. Anatomical studies
have confirmed that the roof of the adductor canal is
formed by the VAM, which is covered superficially by the
sartorius muscle [11]. This unique anatomical structure
provides a clear imaging landmark for ultrasound-guided
proximal localization. When performing the block at this
level, local anesthetics can simultaneously infiltrate the
saphenous nerve, posteromedial branch of the femoral
medial nerve, medial superior genicular nerve, and
genicular branch of the obturator nerve [12].

The distal end of the adductor canal terminates at the
adductor hiatus (also called Hunter’s hiatus), a fibro-
osseous canal formed by the gap between the two
tendinous bundles of the adductor magnus muscle
inserting into the lower medial lip of the linea aspera and
the adductor tubercle, together with the femur [13].
Notably, the femoral artery continues as the popliteal artery
through this hiatus, and this vascular landmark is of great
value in ultrasound localization. When a distal approach is
selected for the block, local anesthetics can spread distally
through the adductor canal to the popliteal fossa via the
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adductor hiatus, blocking the popliteal plexus and the
genicular branches of the posterior obturator nerve [14].

2 Technical Features and Clinical Application of
Ultrasound-Guided @ ACB  with  Different
Approaches

2.1 Technical Advantages of Ultrasound Guidance

Before ultrasound technology was widely applied in
nerve blocks, classic ACB was mainly performed using
anatomical landmark localization, with the puncture point
usually selected at the mid-thigh [7]. However, this blind
puncture technique has obvious drawbacks: the proximal
approach at this puncture point is still within the femoral
triangle region, which not only blocks the sensory
saphenous nerve but also the motor branches of the femoral
nerve, impairing quadriceps muscle strength. Moreover,
nerve block performed based on anatomical landmark
localization may cause nerve injury, leading to
postoperative paresthesia in the innervated area. The
popularization of ultrasound in regional blocks can shorten
the operation time of ACB, improve its accuracy and safety,
and visualized puncture can significantly reduce
neurological sequelae after the block [15].

2.2 Technical Key Points of Different Approaches

2.2.1 Proximal Approach Technique

For ultrasound-guided proximal ACB, the ultrasound
probe is placed transversely on the medial mid-thigh,
perpendicular to the femur. The probe is slid and its angle
and position are adjusted to obtain clear sonographic
images of the adductor longus or adductor magnus muscle,
vastus medialis muscle, and sartorius muscle. The
saphenous nerve, which appears as a fusiform or elliptical
hyperechoic structure, is identified at the junction of the
medial margins of the sartorius and adductor longus
muscles. The optimal site for ACB is at approximately the
middle-lower 1/3 of the sartorius muscle [8]. The in-plane
puncture technique is adopted during the operation, with
the needle inserted from lateral to medial. The needle tip
must penetrate the VAM to ensure the blocking effect while
avoiding nerve injury [16].

This approach mainly covers the sensory nerve
innervation area in the anterior aspect of the knee joint, but
its analgesic effect on the posterior aspect is limited.
Therefore, clinical practice routinely requires combined
infiltration of local anesthetic between the popliteal artery
and capsule of the knee (IPACK) block or local infiltration
anesthesia to achieve comprehensive analgesia [17-18].
Pharmacological studies have shown that the median
effective volume of 0.5% ropivacaine is 10.8 mL [2, 19].
However, when the volume exceeds 20 mL, local
anesthetics may spread proximally to the femoral triangle
region, resulting in accidental femoral nerve block in
approximately 15%-25% of cases, thereby affecting
quadriceps muscle function [2, 4, 20]. Based on existing
evidence, it is recommended that proximal ACB adopt a

regimen of 10-15 mL of 0.5% ropivacaine combined with
IPACK block, which can ensure analgesic efficacy while
maximizing the preservation of motor function,
conforming to the requirements of enhanced recovery after
surgery (ERAS).

2.2.2 Distal Approach Technique

For ultrasound-guided distal ACB, the ultrasound
probe is placed on the anteromedial aspect of the distal
thigh, approximately 6 cm proximal to the base of the
patella. The probe is moved along the course of the femoral
artery to the distal adductor canal, and after clearly
visualizing the neurovascular structures between the vastus
medialis and adductor magnus muscles, the in-plane
technique is used to insert the needle from lateral to medial,
with the needle tip finally positioned medial to the femoral
artery. Studies by Tulgar [21] and Morozumi et al. [22]
have confirmed that this approach has three major
advantages: (1) single-point puncture can simultaneously
block the saphenous nerve and popliteal plexus; (2) the
operation can be completed with the patient in the supine
position; (3) the injection site maintains a safe distance
from the nerve, which can significantly reduce the risk of
nerve injury. Anatomical studies using methylene blue
staining have verified that the injected solution during
distal ACB can spread along the perivascular space
through the adductor hiatus to the popliteal fossa, while
blocking the genicular branches of the posterior obturator
nerve [23]. This technique can effectively cover the
posterior pain area of the knee joint and avoid blocking the
femoral medial nerve, with the quadriceps muscle strength
preservation rate reaching 85%. However, its limitations
include insufficient analgesic effect on the anterior aspect
of the knee joint and the medial thigh. Moreover, excessive
local anesthetic volume may block the branches of the
sciatic nerve, leading to ankle weakness in 15%-20% of
patients and affecting early ambulation [9]. In clinical
practice, it is recommended to use a low volume (15-20
mL) of local anesthetics combined with local incision
infiltration, which can not only achieve comprehensive
analgesic coverage but also minimize the impact on motor
function.

2.2.3 Mid-Approach Technique

The proximal and distal puncture points are identified
under ultrasound (as described above) and marked on the
body surface; the midpoint between them is the mid-
approach for ACB. The midpoint can also be localized
according to the positional relationship between the
sartorius muscle and the femoral artery [24]. This method
is simple and convenient, but inaccurate localization may
occur due to probe movement and changes in the patient’s
posture. Burckett-St Laurant et al. [9] suggested that the
middle part of the adductor canal is the optimal site for
local anesthetic administration. Existing evidence shows
that mid-injection allows the drug to spread proximally to
block the saphenous nerve and femoral medial nerve, while
controlling the drug dose spreading distally to avoid
excessive infiltration of the popliteal fossa. A study by
Cheng Yangqiang et al. [25] demonstrated that 20 mL of
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local anesthetics can ensure analgesic efficacy while
minimizing the impact on quadriceps muscle strength. This
volume not only avoids the proximal spread to the femoral
triangle that may be caused by the proximal approach but
also prevents the ankle motor dysfunction induced by high-
volume injection in the distal approach. It is worth noting
that although combined proximal-distal block achieves
more significant analgesic effects, it requires double
punctures and complex operations, whereas the mid-
approach can achieve similar effects with a single puncture
assisted by ultrasound visualization. In clinical practice,
combining preoperative regional block with adjuvant
drugs such as dexamethasone can further optimize the
analgesic  regimen, reduce postoperative opioid
consumption by 30%—40% [26-28], and maintain
intraoperative hemodynamic stability. However, high-
quality clinical studies on mid-approach ACB are still
scarce, especially the lack of direct comparative data
between mid-approach ACB and FNB in terms of opioid-
sparing effect, which requires more large-sample studies
for verification.

3 Comparison of Clinical Efficacy of ACB with
Different Approaches

Existing studies still have certain controversies
regarding the analgesic efficacy of ACB with different
approaches. Recent meta-analyses have shown that
proximal and distal ACB have comparable effects in
controlling resting pain at 2 hours after TKA, but there is
no significant difference in the overall analgesic efficacy
within 24 hours. Notably, proximal ACB showed slightly
better performance in the Timed Up and Go test, but this
difference did not reach clinical significance [29-31].
However, studies by Qian Yuying [32] and Huang
Hongming et al. [33] drew different conclusions,
indicating that distal ACB can more significantly reduce
sufentanil consumption at 24 hours after surgery and
improve knee joint range of motion. This discrepancy may
be related to factors such as study design and patient
selection. In broader surgical comparisons, research results
are also inconsistent: a study published in Anesthesiology
in 2019 showed that after anterior cruciate ligament repair,
opioid consumption exhibited a trend of proximal < mid <
distal, with mid-approach ACB having the minimal impact
on quadriceps muscle strength [24]; whereas a study by
Huang Xin et al. [34] concluded that distal ACB is superior.
For knee arthroscopy, multiple studies have consistently
shown that proximal ACB achieves the best analgesic
effect [35-36]. For TKA, some studies have also found that
in terms of postoperative analgesic efficacy of ACB, the
proximal approach is superior to the mid-approach, but
mid-approach ACB has a smaller impact on quadriceps
muscle strength [37]. Currently, high-quality evidence
comparing the three approaches after TKA is still limited,
with only a single-center study conducted by Liu et al. [38].
Future research urgently needs to carry out large-sample,
multi-center studies to further verify the clinical value of
each approach, especially the accurate localization method
and long-term efficacy evaluation of mid-approach ACB.

4 Summary and Prospect

Existing clinical evidence indicates that compared
with traditional analgesic methods, ACB exhibits
significant advantages in preserving quadriceps muscle
strength, helping patients achieve early postoperative
ambulation, and providing important support for the
implementation of the ERAS concept. However, there are
still many controversies regarding the selection of the
optimal approach for ACB. Continuous proximal approach
can provide sustained analgesic effects but carries the risks
of catheter-related complications and accidental femoral
nerve block [39]; distal approach is easy to operate but has
incomplete analgesic coverage and may affect dorsum of
foot function; mid-approach can theoretically balance the
advantages of proximal and distal approaches, but it
currently lacks support from large-sample clinical studies.
In terms of drug selection, the regimen of 20 mL of 0.25%—
0.375% ropivacaine combined with dexamethasone or
dexmedetomidine has been proven to prolong the block
duration and reduce opioid consumption [40-41], but the
optimal compatibility scheme still needs further
exploration.

Future research should focus on addressing several
key issues: first, large-sample, multi-center randomized
controlled trials are needed to clarify the clinical value of
mid-approach ACB, especially its comparison with the
gold standard FNB in terms of opioid-sparing effect and
functional recovery; second, more accurate localization
techniques need to be developed to improve the
operational efficiency of the mid-approach; finally,
personalized analgesic regimens based on individual
patient characteristics should be explored. In addition, the
hypothesis that "mid-approach ACB = proximal + distal"
also requires more evidence-based medical evidence to
support. With the continuous development of ultrasound
technology and adjuvant drugs, ACB is expected to
become the core technology for postoperative analgesia
after TKA, but more high-quality studies are needed to
establish standardized clinical application guidelines.
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