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ABSTRACT
Objectives:  To identify the precise position of adductor canal; and to determine median effective volume (EV50) for adductor
canal block (ACB) by ultrasound.
Study Design: Observational study.
Place and Duration of Study: Department of Anesthesiology, the First Central Hospital of Baoding, China from January 2019
to December 2020.
Methodology: One hundred and ninety subjects were recruited for mapping, the precise location of adductor canal. Twenty--
four patients were scheduled to study the EV50 of ropivacaine. Ultrasound was used to identify the anatomical structure of
femoral triangle as well as the cephalad and caudad end of adductor canal. By using the up-and-down method to study the
effect of nerve block, the EV50 of 0.5% ropivacaine on ACB was quantified.
Results: The femoral triangle, the cephalad, and caudad end of adductor canal were clearly shown in the ultrasound images of
all subjects. The midpoint between anterior superior iliac spine and the superior margin of patella is in femoral triangle. The
cephalad edge of adductor canal is distal to the midpoint between anterior superior iliac spine and the superior margin of
patella. The midpoint between the femoral trochanter and the superior margin of patella is in the adductor canal. EV50 of 0.5%
Ropivacaine for ACB is 10.79 ml (95% CI, 10.10-11.52 ml).
Conclusion: The midpoint between the femoral trochanter and the superior margin of patella is in the adductor canal. EV50 of
0.5% ropivacaine for ACB is 10.79 ml (95% CI, 10.10-11.52 ml).
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INTRODUCTION

Knee osteoarthritis, a chronic degenerative disease of knee
joint, greatly reduces the quality of life of the aged. Total knee
arthroplasty (TKA) is one of the most effective treatments that
restores  function  of  knee  joint  for  patients  with  knee
osteoarthritis  at  the  end-stage.  Unfortunately,  according to
statistics,  there  were  about  60% of  patients  suffering  from
severe pain and up to 30% suffer from moderate pain following
TKA.1
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Nerve block is frequently used by the anesthesiologists to gain
better postoperative pain control after surgery. It is critical for
anesthesiologist to find effective perioperative anesthetic dose
and precise location of target nerve for patients following TKA.

Postoperative pain can be improved by adductor canal block
(ACB),  which  is  an  alternative  to  femoral  nerve  block.2-4

Currently, the most common needle insertion site of ACB is the
midpoint between the anterior superior iliac spine (ASIS) and
superior margin of patella.4-8 Unfortunately, needle insertion of
ACB at the well-known position, might cause quadriceps paral-
ysis.9,10 In a recent study, Wong et al. found that the injection at
this well-known position was a femoral triangle block actually.11

The motor branches of femoral nerve can be affected accidently
by local anesthetics. Bendtsen et al. considered that the needle
insertion site of ACB should be defined as the midpoint between
the throchanter and the superior margin of patella.12 It is neces-
sary to make map of the adductor canal for anesthesiologist to
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achieve ACB successfully. Based on the anatomical evidences,
the cephalad end of adductor canal was defined as the intersec-
tion of the medial edge of the sartorius muscle and the adductor
longus muscle.13 The caudad end of adductor canal was defined
as adductor hiatus.13 Ultrasound was used to identify the accu-
rate position of adductor canal in Chinese subjects in this study.

In addition to the precise location of the injection, the quality of
nerve block is affected by the volume of local anesthetic. Excess
injection in adductor canal may induce a spread of local anes-
thetics toward into femoral triangle.11-12

Therefore, it is important to find the optimal volume of local
anesthetics  for  ACB,  providing  adequate  analgesia  and
avoiding weakened muscles strength. Therefore, the aim of this
study was to seek ultrasound guidance for location and deter-
mining the EV50 of 0.5% ropivacaine for true ACB.

METHODOLOGY

This prospective observational study and Dixon and Massey up-
and-down sequential trial were complied with the Declaration of
Helsinki.  Ethical  clearance  was  granted  by  the  Ethical
Committee of The First Central Hospital of Baoding ([2018] 038)
and written informed consents were obtained from all subjects.
Subjects undergoing TKA were enrolled into this research from
January 2019 to December 2020 in The First Central Hospital of
Baoding.  Subjects  with a history of  lower extremity surgery
before  TKA,  deformity,  or  complication  of  lower  extremity,
contraindication  of  nerve  block,  diabetes,  allergy  to  ropiva-
caine,  and  application  of  analgesics  more  than  four  weeks
(administration of morphine equivalents by oral or intramus-
cular or intravenous), renal and hepatic dysfunction and uncoop-
erative patient for assessments, were excluded. One hundred
and ninety subjects, scheduled for total knee arthroplasty, were
recruited for determination the exact position of adductor canal
and scheduled to apply a true ACB guided by ultrasound for eval-
uating the analgesic effect and influence on quadriceps muscle
strength. Twenty-four patients, scheduled for total knee arthro-
plasty, were scheduled to receive a true ACB guided by ultra-
sound for studying the EV50 of 0.5% ropivacaine.

The subjects laid on operation table in a supine position. The
ASIS, the throchanter, the midpoint between ASIS and the supe-
rior margin of patella, the midpoint between the throchanter
and the superior margin of patella were marked as in Figure 1A.
The ultrasound probe was placed on the surface of inguinal
crease at anteromedial and proximal part of the thigh. Scanning
along the femoral artery, the structure of femoral triangle could
be seen gradually (Figure 1B).13  The probe was slid distally to
the cephalad end of adductor canal, which was the intersection
of the medial edge of the sartorius muscle and the adductor
longus muscle (Figure 1C).14 Adductor canal was surrounded by
the  sartorius  muscle,  the  vastus  medialis  muscle  and  the
adductor  longus  muscle  (Figure  1D).  The  probe  was  slide
distally further until the femoral artery passed the adductor
hiatus to become popliteal vessels (Figure1E). The adductor
hiatus,  also  called  the  caudad end of  adductor  canal,15  was

marked (Figure 1A). The distance from the superior margin of
patella to the midpoint between ASIS and the superior margin of
patella, the midpoint between the throchanter and the superior
margin  of  patella,  the  cephalad  end  of  adductor  canal,  the
caudad end of adductor canal, and the length of adductor canal
were measured.

Figure 1: Surface marks of thigh and its ultrasound images.
1A indicates, the blue asterisk indicates anterior superior iliac spine (ASIS); the
pink arrow indicates the the throchanter; MAS indicates the midpoint of distance
from ASIS to the superior margin of patella; MTS indicates the midpoint between
the throchanter and the superior margin of patella; the yellow arrow indicates the
superior margin of patella; the red dotted line indicates the cephalad end of
adductor canal and the green solid line indicates the caudad end of adductor
canal. 1B indicates ultrasound image of femoral tringle, at the section of MAS in
figure 1A. 1C indicates ultrasound image of the cephalad end of adductor canal,
at the section of red dotted line in figure 1A. 1D indicates ultrasound image of
adductor canal, at the section of MTS in figure 1A. 1E indicates ultrasound image
of the caudad end of adductor canal, at the section of green solid line. In 1A, S
represents sartorius muscle, VM represents medialis muscle, AL represents
adductor longus muscle, AM represents adductor magnus muscle, SM repre-
sents semimembranousus muscle, A represents femoral artery, and V repre-
sents femoral vein.

All patients were not given any premedication and laid on opera-
tion  table  supine.  The  ultrasound  probe  was  placed  on  the
anteromedial of the thigh; and the structure of adductor canal
was identified by ultrasound. A needle, guided by ultrasound,
was inserted into the triangular echo region lateral to femoral
artery. The diffusion of local anesthetics in the triangular echo
region was shown in the ultrasound image after injection of
0.5% Ropivacaine.

Cutaneous  sensation  innervated  by  saphenous  nerve  (the
anteromedial  aspect  of  knee,  shin  area)  were  assessed  30
minutes  after  injection.  The  complete  sensory  block  was
defined as the absence of pinprick sensation in the area inner-
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vated by saphenous never. The criteria for sensory evaluation
as 0 (totally loss of sensation), 1 (loss of touch sensation but not
pinprick  sensation),  and  2  (no  loss  of  sensation,  similar  to
contralateral side).16 The quadriceps muscle strength was evalu-
ated right after sensory assessment. The evaluation of muscle
strength referred to the manual  muscle testing reported by
Wintz.17  Postoperative  pain  and  quadriceps  strength  were
measured at 4, 8, 12 and 24 hours after TKA.

Figure 2: Sequential responses to up-and-down volume of 0.5% Ropiva-
caine for adductor canal block.
Hollow square indicates positive response, meaning sensory block completely;
black square indicates negative response, meaning sensory block incompletely.

For studying the EV50 of 0.5% ropivacaine, 20 ml of 0.5% Ropiva-
caine was chosen as the initial  dose based on the previous
research.18 The dose interval was set at 1:1.2 according to the
response  of  the  previous  patient  (complete  or  incomplete
block) based on Dixon’s up-and-down method.19 The research
was ended by eight consecutive up-and-down sequences.

SPSS  version  17.0  was  used  for  statistical  analysis.  Demo-
graphics data such as age, weight and height and measure-
ment data of adductor canal were shown as mean ± SD. Data
were shown as median (IQR) for non-normally distributed vari-
ables,  such  as  VAS  score  and  quadriceps  muscle  strength
score. The median effective volume of 0.5% Ropivacaine was
determined by the up-and-down sequence method of Dixon
and Massey.19 P <0.05 was considered statistically significant.

RESULTS

Demographics  of  190  subjects,  including  98  males  and  92
females, 103 left and 87 right lower limb, with mean age of 68.6
± 6.4 years, weight of 63.7 ± 8.9 Kg and height 165.3 ± 9.8 cm,
recruited  for  determination  the  exact  position  of  adductor
canal. Ultrasound images of femoral triangle, the cephalad and
the caudad end of  adductor canal  were clearly shown in all
subjects  (Figure  1).  For  all  subjects,  the  cephalad  end  of
adductor canal was distal to the midpoint between ASIS and the
superior margin of patella. In 182/190 subjects, the cephalad
end of adductor canal was proximal to the midpoint between the
throchanter and the superior margin of patella; whereas, the

rest 8/190 subjects were distal. The distance from the superior
margin of patella to the midpoint between ASIS and the superior
margin of patella, the midpoint between the throchanter and
the superior margin of patella, the cephalad end of adductor
canal,  the  caudad  end  of  adductor  canal  and  the  length  of
adductor canal are shown in Table I. The VAS scores were no
more than 4 and the quadriceps strength were more than 4
within 24 hours after TKA in most subjects (Table II).

Twenty-four patients, including 15 males and 9 females, with
mean age of 61.3 ± 4.3 years, weight of 69.3 ± 6.6 Kg and height
172.2 ± 5.1 cm, were enrolled for studying the median effective
volume of 0.5% ropivacaine. The sequences of positive and
negative responses were presented in Figure 2. Fourteen and
10 patients showed complete and incomplete sensory block,
respectively. The median effective volume of 0.5% ropivacaine
for ACB was 10.79 ml (95% CI, 10.10-11.52 ml).
Table I: Measurement data of adductor canal (n = 190).

Distance to MAS, cm 21.5 ± 2.6
Distance to MTS, cm 15.1 ± 1.8
Distance to CAC, cm 17.5 ± 1.9
Distance to CEAC, cm 9.2 ± 1.1
Length of AC, cm 8.3 ± 1.1
Data are presented as mean ± standard deviation. MAS: the midpoint
from anterior superior iliac spine to the superior margin of patella; MTS:
the midpoint from the throchanter to the superior margin of patella; CAC:
the cephalad end of adductor canal; CEAC: the caudad end of adductor
canal; Distance to MAS: the distance from MAS to the superior margin of
patella; Distance to MTS: the distance from MTS to the superior margin of
patella; Distance to CAC: the distance from CAC to the superior margin of
patella; Distance to CEAC: the distance from CEAC to the superior margin
of patella; Length of AC: the distance from CAC to CEAC.

Table II: VAS and quadriceps strength (n=190).

VAS score
4h at rest 1 (0-1)
8h at rest 1 (1-2)
12h at rest 2 (1-3)
24h at rest 2 (2-3)
4h during active flexion 2 (0-2)
8h during active flexion 3 (1-3)
12h during active flexion 3 (2-3)
24h during active flexion 3 (2-3)
Quadriceps strength
30 min after ACB 4 (3-5)
4h 4 (3-5)
8h 5 (4-5)
12h 5 (4-6)
24h 6 (5-6)
Data are expressed as median (IQR). ACB: Adductor canal block.

DISCUSSION
ACB, as a component of multimodal analgesia, is widely used to
provide adequate postoperative pain control and early rehabilita-
tion after TKA.8 It is common knowledge that peripheral nerve
block can be achieved successfully relying on the precise location
of the nerve. However, there are some disputes about the accu-
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rate position of adductor canal in present days. The well-known
approach for performing ACB, originally described as the midpoint
of ASIS and the superior margin of patella, was thought to be in
femoral triangle rather than adductor canal.11 Anatomically, the
cephalad end of adductor canal is defined as the intersection of
the medial edge of the sartorius muscle and the adductor longus
muscle.  The  caudad  end  of  adductor  canal  is  defined  as
adductor hiatus.13 Ultrasound can be used to identify the loca-
tion of adductor canal by identifying the musculoskeletal struc-
ture. In the present study, the cephalad end of adductor canal
was distal to the midpoint of ASIS and the superior margin of
patella in all 190 Chinese subjects, which is consistent with the
previously  reported  results  by  Wong  et  al.  and  Anagnos-
topoulou et  al.11,  20  The results  can explain  the weakness  of
quadriceps strength after single or continuous ACB. However,
there was a difference showed by Anagnostopoulou et al. that
the cephalad end of adductor canal was located proximal to the
midpoint between ASIS and the superior margin of patella in 4 of
17  dissected  specimens.  The  methodological  differences
between cadaver dissection and ultrasound may be a possible
explanation.

In this research, it was also found that the midpoint between the
throchanter  and  the  superior  margin  of  patella  was  in  the
adductor canal in 182 Chinese subjects. This result indicated
that the midpoint between the throchanter and the superior
margin of patella may be the appropriate puncture position for
ACB. However, there were 8 cases that the midpoint between
the throchanter and the superior margin of patella was proximal
to the cephalad end of adductor canal, which might due to indivi-
dual anatomical variations. Therefore, a combination of surface
and sonographic landmarks can assist the anesthesiologists to
target correct anatomical location and achieve complete nerve
blockage. Moreover, the VAS scores were no more than 4 and
the quadriceps strength were more than 4 within 24 hours after
TKA in this study, that reveals the true ACB, at the midpoint
between the throchanter and the superior margin of patella, can
improve pain without affecting motor function.

In addition to the precise location of nerve, the quality of nerve
block was also affected by the volume and concentration of local
anesthetic. Owing to the musculoaponeurotic tunnel structure,
the optimal volume of ropivacaine for ACB should be enough for
fully filling the adductor canal but avoid proximal spread to the
femoral triangle. In this present research, the median effective
volume of 0.5% ropivacaine was 10.79 ml (95% CI, 10.10-11.52
ml), consistent with the data reported by Tao et al. and Montge-
omery et al.8,21 Although similar volumes were obtained, the
needle insertion site in Tao et al.’s report should be located in
femoral triangle rather than adductor canal based on our above
results. As a result, local anesthetics have a higher chance to
diffusing to the femoral nerve and blocking the branches. This
study uses a lower injection site located right in adductor canal.
Due to the limitation of musculoaponeurotic tunnel structure of
adductor canal, the probability of lateral spread decreases. A
low volume of local anesthetics could fully diffuse within the
whole adductor canal and block the saphenous nerve in this

study. Moreover, the scores of quadriceps strength at 30 min
after ACB was 4.3-5 However, it is a fact that excessive local anes-
thetic’s spread into femoral triangle,11-12 may increase the risk of
failing in certain particular conditions.

There are some limitations in this study. First, the spread range
of ropivacaine was assessed only by the blockade of sensory
and motor.  Combined with  contrast  material,  imaging tech-
nology  could  have  helped  ascertain  the  extent  of  spread.
Second,  unlike  surgical  anesthesia,  postoperative  analgesia
does not require a complete blockade. The block's success was
defined as a total sensory blockade in the present study. There-
fore, some of the patients defined as block failure would have
received analgesia in clinical setting. Third, it is a methodolog-
ical drawback that 10 patients experienced non-satisfactory
nerve block by the Dixon’s up-and-down method. A catheter, as
analgesic remedy, was placed to minimise ethical concerns in
the present study.

CONCLUSION

The midpoint between ASIS and the superior margin of patella
was in femoral triangle. The cephalad edge of adductor canal
was  distal  to  the  midpoint  between  ASIS  and  the  superior
margin of patella. The midpoint between the trochanter and the
superior margin of patella was in the adductor canal. Moreover,
the EV50 of 0.5% ropivacaine for ACB was 10.79 ml (95% CI,
10.10-11.52 ml).
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