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Background: Postoperative analgesia after knee arthroplasty forms a basis for an optimal range of motion
after surgery. Femoral nerve blocks are established as a sensory nerve blockade but at the expense of
quadriceps weakness delaying postoperative mobilization. The adductor canal block (ACB) similarly
provides sensory blockade but preserves quadriceps function. If ACB is performed intraoperatively, it
would reduce the time and cost needed for ACBs. This study aimed at investigating possible landmarks
making it feasible to perform ACB intraoperatively.
Material and methods: Twenty-seven knees were used. The superior pole of the patella, medial epi-
condyle, and adductor tubercle was proposed as landmarks to perform the ACB through a medial par-
apatellar approach. A needle was directed toward the adductor tubercle until a tactile feedback was felt.
Ten to 15 mL India ink were injected using this technique. The adductor canal was dissected to visualize
the ink spread and determine whether the saphenous nerve and the nerve to vastus medialis were
exposed to the ink.
Results: The anatomic landmarks were easily identified in all knees. The ACB resulted in the saphenous
nerve and nerve to vastus medialis being bathed in ink consistently. A volumetric relationship was noted
with the injectate. No injury to the neurovascular structures was observed.
Conclusions: An accurate and safe technique with reliable anatomic landmarks was presented to perform
an ACB. In addition, an increase in injected ink volume correlated to an increase in the spread of ink;
thus, we postulate that 10 mL of local anesthetic may be sufficient for an adequate regional block.
© 2021 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Total knee arthroplasty (TKA) has been shown as an effective
surgical treatment for knee osteoarthritis [1]. Postoperative anal-
gesia after TKA has been a significant challenge. Current literature
on perioperative analgesia has shown that achieving adequate pain
relief encourages early ambulation, reduces hospital length of stay,
and improves postoperative outcomes [2].
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Peripheral nerve blockades such as the femoral nerve block
(FNB) and adductor canal block (ACB) are widely used. FNB pro-
vides excellent pain control but leads to quadriceps weakness
delaying mobilization and increasing the risk of falls. In contrast,
ACB targets both the saphenous nerve (SN) and the nerve to vastus
medialis (NVM), which contributes to the innervation of the ante-
romedial aspect of the knee joint [3]. Kwofie et al. compared FNB
with ACB and demonstrated that ACB results in significant quad-
riceps motor sparing and preserves balance [4]. Mudumbai et al.
have shown that patients with ACB, when compared to FCB, had
earlier ambulation postoperatively and were also able to ambulate
longer distances at 24 hours [5,6]. Hence, ACB has become an
increasingly popular choice for peripheral analgesia after TKA, as it
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is predominantly a sensory nerve blockade preserving quadriceps
motor function [5e10].

Periarticular local anesthetic injection performed intra-
operatively by the surgeon has been established to be effective in
managing postoperative pain after TKA [11]. This periarticular local
anesthetic injection could be augmented with ACB to achieve
optimal postoperative analgesiawhile at the same time limiting the
effects to the sensory branches of the supplying nerves. The ACB is
typically performed by the anesthetist under ultrasound guidance
at the mid-thigh region, as the SN and NVM exit in the distal third
of the canal [3,12]. Orthopedic surgeons have a different view
intraoperatively, which may potentially afford an equally accurate
but more direct approach to the adductor canal using anatomical
landmarks. If an ACB can be performed by the surgeon intra-
operatively at the level of the knee, this would reduce the anes-
thetic time-related costs and need for ultrasound equipment.

The aim of this cadaveric feasibility study was to develop an ACB
technique based on palpable intraoperative anatomical landmarks
and investigate its efficacy and safety. We hypothesized that using
the adductor tubercle as a landmark will assist surgeons in
consistent and accurate performance of an ACB during knee
replacement.

Material and methods

Human ethics committee (H17-066) and Ngai Tahu research
consultation committee (Part 51 2017) approved the research on
human cadavers procured. Twenty-seven knee specimens were
used in this study. Tissues were embalmed with formaldehyde-
based embalming including ethanol, phenoxyethanol, and glyc-
erine [13].
Figure 1. Demonstrating anatomical landmarks for ACB on the knee prosection. a: Sketch d
specimen. AM, adductor magnus tendon; AT, adductor tubercle; P, patella.
All samples underwent a medial parapatellar approach to the
knee. We proposed 2 key structures that were important to
perform an ACB: (1) the adductor tubercle, which was positioned
approximately 20 mm distal to the level of the superior border of
the patella and 10 mm cranial of the medial epicondyle; (2)
adductor magnus tendon, floor of the adductor canal, attaching to
adductor tubercle was thick, round in appearance, and was robust
to provide tactile feedback (Fig. 1). The ACB technique used in this
study involved inserting a 10-ml syringe with a blunt 22 G needle
with India ink, aimed 15-20 degrees in a coronal plane toward the
adductor tubercle until resistance was felt against the robust
adductor magnus tendon (Fig. 2). Once resistancewas encountered,
the tip of the needle was directed cranially toward the adductor
canal before India ink was injected. We chose India ink as it has
previously been used to mimic local anesthetic spread in cadaveric
studies [14]. We then dissected the adductor canal to assess
whether ink was successfully infiltrated into the adductor canal
(Fig. 3). To do this, the skin and subcutaneous tissues were
dissected carefully, revealing the sartorius and vastus medialis
muscle and their distal insertions. An anatomical plane was
developed between these 2 muscles to reveal the neurovascular
structures of the adductor canal. The SN and NVMwere assessed for
evidence of being bathed in India ink. We also assessed the neu-
rovascular structures in the vicinity of the needle to assess the
safety of this technique.

In order to assess whether there was a volumetric relationship
that existed with the amount of ink injected, we compared 2
different volumes of injectate. Twelve cadavers were injected with
10 ml of ink, and 15 cadavers were injected with 15 ml of ink. Ink
spread distance, from the point of needle insertion to the most
proximal point where the ink had spread, was assessed.
emonstrating anteromedial overview of a right knee, b: Magnification of 1a in a knee



Figure 2. Demonstrating the technique of adductor canal block (ACB). a, a needle is directed directly towards the adductor tubercle until a resistance is perceived, b, the needle is
turned upwards 90� , before the anesthetic is injected, then spreading into the adductor canal (c and d). AM, adductor magnus tendon; AT, adductor tubercle; P, patella; SN,
saphenous nerve.

R. Vanamala et al. / Arthroplasty Today 10 (2021) 82e8684
Statistics tests

Excel Version 16.15 (Microsoft Corporation, Redmond, WA) and
GraphPad Prism software version 8 (GraphPad Software, La Jolla,
CA) were used. P values equal or less than 0.05 were considered to
be statistically significant. The D’Agostino-Pearson test was used to
determinewhether the data set was normally distributed. One-way
ANOVA and Sidak's tests were used to assess if there were any
statistical differences between groups. Pearson correlations co-
efficients (CC) were used to evaluate the relationship between the
groups.
Figure 3. Demonstrating the injection technique on the knee prosection. a, anteromedial vie
femoral artery; FV, femoral vein; P, patella; SN, saphenous nerve; VL, vastus lateralis musc
Results

All 27 knees were used. The mean age at death was 83 years
(range 62-98 years), 15 were female (3 bilateral), and 8 were male
(1 bilateral). Sixteen were left knees, and 11 were right knees.

Both the SN and NVM were bathed in ink after the injection of
volumes of 10 ml and 15 ml, respectively. The majority of the ink
was spread within the adductor canal and along the epimysium of
the sartorius muscle. At the puncture site, neither the SN nor NVM
were injured. The femoral artery and vein are posterolateral of the
injection site. No injury to these vessels were identified.
w of a right knee specimen; b, cross section demonstrating the ink spread; F, femur; FA,
le; VM, vastus medialis muscle.



Figure 4. Box plots show the 25th percentile, median, and 75th percentile whiskers minima and maxima. **indicating highly significant statisical difference.
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The average distance from the point of needle to the adductor
tubercle was calculated to be 19 mm (range, 12-26 mm). There was
no statistically significant difference between male and female, left
and right, or the age of the cadavers.

Cadavers injected with 10 ml and 15 ml of ink resulted in an
average ink spread distance of 119 mm (range 70-190 mm) and 150
mm (range 115-214 mm), respectively. In 2 cadavers, the ink
reached the proximity of the femoral nerve.

The data obtained for the volumetric analysis, gender compar-
ison, and side comparison were normally distributed as indicated
by the D’Agostino-Pearson test. Ink spread was significantly larger
in the 15-ml groups than that in the 10-ml group with 149.8 and
121.7 cm, respectively (P ¼ .008). Further comparisons of left-right
and male-female yielded no significant difference (Fig. 4). The
volume applied and the ink spread had a moderate correlation (CC
¼ 0.48).
Discussion

Periarticular local anesthetic injection, ultrasound-guided ACB,
and patient-controlled anesthesia have all been shown to be
effective measures in managing postoperative pain, while at the
same time preserving quadriceps motor function after TKA [11].
Surgeon-performed periarticular local anesthetic injections have
been shown to be an effective, quick, and reliable method of
analgesia after TKA [11]. This study has shown cadaveric evidence
that an ACB can be reliably and safely performed by the surgeon
intraoperatively without the need for radiological guidance or
anesthetic involvement.

The technique described in this study is similar to the tactile
feedback technique described for a fascia iliaca block performed in
the hip fracture setting [15]. The tactile feedback is felt against the
adductor magnus tendon using a blunt needle. This technique has
also been shown to be safe as there are nomajor vascular structures
in the vicinity of the adductor tubercle. Furthermore, the use of a
blunt needle reduces the risk of neurological injury of the SN or
NVM, and in our study, no injury of neurovascular structures was
identified.

Pepper et al. described an ACB which they performed in 11 ca-
davers with an accuracy of 86%, but they did not describe the
anatomical landmarks for the injection [16]. Kavolus et al. used the
femoral transepicondylar axis as their anatomical landmark to
perform the ACB in cadaverswith an accuracy of 72% [17]. Our study
uses the superior pole of the patellar and medial epicondyle as the
anatomical landmarks to estimate the location of the adductor
tubercle. Furthermore, our study is the only study to assess the
diffusion of injectate around both the SN and NVM, as we believe
that both these nerves are crucial sensory nerves to the knee.

We observed a volumetric relationship to the spread of ink
injected into the adductor canal, but only found a weak correlation
and statistical insignificance when comparing 15 ml to 10 ml of
injectate. We believe this reflects the small sample in this study;
however, we feel that it warrants mention as excessive injectate
would defeat the purpose of this block if the local anesthetic
spreads to femoral nerve causing loss of quadriceps motor function.

There are multiple limitations to this given study. First, the ca-
davers were chemically embalmed, which makes the tissues more
rigid and tissue planes less pliable. Second, the number of cadavers
was limited. Third, we used India ink to visualize the spread of the
injectate, but this may possess a different viscosity and diffusion
patterns to local anesthetics. Further clinical research is therefore
warranted to determine its safety and efficacy in patients.
Conclusions

This study describes an accurate technique with reliably iden-
tifiable anatomical landmarks to perform the ACB in cadavers. This
technique successfully infiltrated the adductor canal and bathed
the SN and NVM in all cases without evidence of neurovascular
injury. In addition, an increase in injected ink volume correlated to
an increase in the spread of ink; thus, we postulate that 10 ml of
local anesthetic is sufficient for an adequate regional block.
Conflicts of interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this article.
References

[1] Steinhaus ME, Christ AB, Cross MB. Total knee arthroplasty for knee osteo-
arthritis: support for a foregone conclusion? HSS J 2017;13:207.

[2] Palmer AJR, Carlos Rodrìguez-Merch�an E. Acute pain management in total
knee arthroplasty. Total Knee Arthroplasty 2015:69.

[3] Burckett-St Laurant D, Peng P, Gir�on Arango L, et al. The nerves of the
adductor canal and the innervation of the knee: an anatomic study. Reg
Anesth Pain Med 2016;41:321.

[4] Kwofie MK, Shastri UD, Gadsden JC, et al. The effects of ultrasound-guided
adductor canal block versus femoral nerve block on quadriceps strength
and fall risk: a blinded, randomized trial of volunteers. Reg Anesth Pain Med
2013;38:321.

[5] Mudumbai SC, Edward Kim T, Howard SK, et al. Continuous adductor canal
blocks are superior to continuous femoral nerve blocks in promoting early
ambulation after TKA. Clin Orthop Relat Res 2014;472:1377.

http://refhub.elsevier.com/S2352-3441(21)00077-7/sref1
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref1
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref2
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref2
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref2
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref3
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref3
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref3
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref3
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref5
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref5
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref5
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref5
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref6
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref6
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref6


R. Vanamala et al. / Arthroplasty Today 10 (2021) 82e8686
[6] Patterson ME, Bland KS, Thomas LC, et al. The adductor canal block provides
effective analgesia similar to a femoral nerve block in patients undergoing
total knee arthroplasty - a retrospective study. J Clin Anesth 2015;27:39.

[7] Li D, Yang Z, Xie X, Zhao J, Kang P. Adductor canal block provides better
performance after total knee arthroplasty compared with femoral nerve
block: a systematic review and meta-analysis. Int Orthopaed 2016;40:925.

[8] Wang D, Yang Y, Li Q, et al. Adductor canal block versus femoral nerve block
for total knee arthroplasty: a meta-analysis of randomized controlled trails.
Scientific Rep 2017;7:40721.

[9] Li D, Ma GG. Analgesic efficacy and quadriceps strength of adductor canal
block versus femoral nerve block following total knee arthroplasty. Knee Surg
Sports Traumatol Arthrosc 2016;24:2614.

[10] Vora MU, Nicholas TA, Kassel CA, Grant SA. Adductor canal block for knee
surgical procedures: review article. J Clin Anesth 2016;35:295.

[11] Sadigursky D, Pereira Sim~oes D, Araújo de Albuquerque R, Z�ornio Silva M,
Jamil Carneiro Fernandes R, Oliveira Colavolpe P. Local periarticular analgesia
in total knee arthroplasty. Acta Orthop Bras 2017;25:81.
[12] Anagnostopoulou S, Anagnostis G, Saranteas T, Mavrogenis AF,
Paraskeuopoulos T. Saphenous and infrapatellar nerves at the adductor canal:
anatomy and implications in regional anesthesia. Orthoped 2016;39:259.

[13] Crosado B, L€offler S, Ondruschka B, Zhang M, Zwirner J, Hammer N. Phenox-
yethanol-based embalming for anatomy teaching: an 18 years’ experience
with crosado embalming at the University of Otago in New Zealand. Anat Sci
Educ 2020;13:778e93.

[14] McKenzie AG, Mathe S. Interpleural local anaesthesia: anatomical basis for
mechanism of action. Br J Anaesth 1996;76:297.

[15] White S, Stott P. Fascia iliaca block for primary hip arthroplasty. Anaesthesia
2017;72:409.

[16] Pepper AM, North TW, Sunderland AM, Davis JJ. Intraoperative adductor canal
block for augmentation of periarticular injection in total knee arthroplasty: a
cadaveric study. J Arthroplasty 2016;31:2072.

[17] Kavolus JJ, Sia D, Potter HG, Attarian DE, Lachiewicz PF. Saphneous nerve block
from within the knee is feasible for TKA: MRI and cadaveric study. Clin Orthop
Relat Res 2018;476:30.

http://refhub.elsevier.com/S2352-3441(21)00077-7/sref10
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref10
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref10
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref7
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref7
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref7
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref8
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref8
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref8
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref9
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref9
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref9
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref11
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref11
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref12
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref12
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref12
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref12
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref12
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref4
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref4
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref4
http://refhub.elsevier.com/S2352-3441(21)00077-7/optFud2R78xGr
http://refhub.elsevier.com/S2352-3441(21)00077-7/optFud2R78xGr
http://refhub.elsevier.com/S2352-3441(21)00077-7/optFud2R78xGr
http://refhub.elsevier.com/S2352-3441(21)00077-7/optFud2R78xGr
http://refhub.elsevier.com/S2352-3441(21)00077-7/optFud2R78xGr
http://refhub.elsevier.com/S2352-3441(21)00077-7/optFud2R78xGr
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref14
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref14
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref13
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref13
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref15
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref15
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref15
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref16
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref16
http://refhub.elsevier.com/S2352-3441(21)00077-7/sref16

	Anatomical Landmarks for Intraoperative Adductor Canal Block in Total Knee Arthroplasty: A Cadaveric Feasibility Assessment
	Introduction
	Material and methods
	Statistics tests

	Results
	Discussion
	Conclusions
	Conflicts of interest
	References


