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Background: Multiple comparative studies report that adductor canal blocks provide sim-
ilar pain relief to femoral nerve blocks following total knee arthroplasty. However, adduc-
tor canal blockade fails to anesthetize several important femoral nerve branches that con-
tribute to knee innervation. We sought to clarify this anatomic discrepancy by performing
both blocks in sequence, using patients as their own controls. We hypothesized that pa-
tients would experience additional pain relief following a superimposed femoral nerve
block, demonstrating that these techniques are not equivalent.

Methods: Sixteen patients received continuous adductor canal block before undergoing
knee arthroplasty under general anesthesia. In the recovery room, patients reported their
pain score on a numeric scale of 0-10. Once a patient reached a score of five or greater, he/
she was randomized to receive an additional femoral nerve block using 2% chloroprocaine
or saline sham, and pain scores recorded every 5 min for 30 min. Patients received opioid
rescue as needed. Anesthesiologists performing and assessing block efficacy were blinded
to group allocation.

Results: Patients randomized to chloroprocaine versus saline reported significantly im-
proved median pain scores 30 min after the femoral block (2.0 vs. 5.5, P < 0.001). Patients
receiving chloroprocaine also required significantly fewer morphine equivalents during
the 30 min post-femoral block (1.0 vs. 4.5 mg, P = 0.032).

Conclusions: Adductor canal block is a useful technique for postoperative pain following
total knee arthroplasty, but it does not provide equivalent analgesic efficacy to femoral
nerve block. Future studies comparing efficacy between various block sites along the thigh
are warranted.

Keywords: Acute pain; Adductor canal block; Femoral nerve block; Ropivacaine; Total
knee arthroplasty; Ultrasound.

Introduction

Adductor canal block is a common analgesic intervention for postoperative pain con-
trol following total knee arthroplasty [1,2]. This block is typically performed by deposit-
ing local anesthetic anterolateral to the femoral artery at approximately the mid-thigh in
a musculofascial space bounded by the sartorius, adductor longus and vastus medialis
muscles. Local anesthetic deposited here anesthetizes the saphenous nerve and the nerve

to vastus medialis [2]. Both of these small nerves contribute to sensory innervation of the
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medial knee joint [3]. A principal advantage of the adductor canal
block is the relative absence of quadriceps weakness that is almost
universal with femoral nerve block [4]. This muscle-sparing qual-
ity has been shown to facilitate early ambulation and recovery [5-
7], and studies of block use for total knee arthroplasty show that
the adductor canal block has largely replaced the femoral nerve
block as the regional analgesic modality of choice [1,8].

Multiple investigations have suggested that the analgesic effect
of the adductor canal block is equivalent to femoral nerve block
following total knee arthroplasty, both in reported pain scores and
opioid consumption [9-13]. However, femoral nerve block differs
from adductor canal block in the number and distribution of in-
dividual nerves blocked. Specifically, the adductor canal block
does not anesthetize either the nerve to vastus intermedius or the
nerve to vastus lateralis, both of which contribute substantially to
the sensory innervation of the knee joint [3,14]. Given this ana-
tomic disparity, the results of the comparative trials [9-13] show-
ing equivalence are somewhat puzzling. We questioned whether
comparative studies of femoral nerve block and adductor canal
block in separate cohorts of patients represented the most precise
method of quantifying the relative analgesic effect of these two
block techniques. To test that hypothesis, we designed a prospec-
tive, randomized, controlled study to evaluate this question using
both blocks in each patient. Our hypothesis was that following to-
tal knee arthroplasty, the superimposition of a femoral nerve
block to an existing adductor canal block would significantly re-
duce postoperative pain within 30 min of the intervention. If pain
scores did not change after the femoral nerve block, this would
support the widely held contention that femoral nerve block and
adductor canal block provide equivalent analgesic effect following
total knee arthroplasty.

Materials and Methods

Approval for this prospective, randomized, blinded clinical trial
was obtained by the Duke University Institutional Review Board
(IRB number: PRO00067430). This study was registered on clini-
caltrials.gov, identifier number NCT03395990, on December 18,
2017. The study was conducted in accordance with the Declara-
tion of Helskinki and Good Clinical Practice.

Eligibility criteria for the study were age 56-85, American Soci-
ety of Anesthesiologists physical status I-IIT, BMI 18-40 kg/m’
and undergoing elective primary total knee arthroplasty. Patients
were excluded if they had an allergy to local anesthetic, a contra-
indication to either femoral nerve block or adductor canal block,
had chronic opioid consumption (defined as the use of > 30 mg

morphine equivalents per day in the seven days preceding sur-
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gery), had an inability to understand English, or were unable to
cooperate with the protocol. All enrolled patients signed a written
informed consent. Our primary outcome was pain intensity on an
11-point Numeric Rating Scale (NRS-11) at 30 min following the
block intervention. Secondary outcomes included opioid con-
sumption in the post-anesthesia care unit (in morphine milli-
equivalents), the presence of quadriceps spasm at any time during
the post-anesthesia care unit stay, and the reported location of any
pain in the knee area before the block and at 30 min following the

block intervention.

Sample size

We defined a significant reduction in pain intensity as three
points on a NRS-11. This value was chosen deliberately as is both
clinically meaningful and validated as a measure of effectiveness
of pain therapy in this population [15,16]. Our hypothesis was
that the reported pain intensity would be reduced by three points
with a femoral block compared to sham at the 30-minute time
point following the block. To power a t-test with an assumed de-
crease of three points on the NRS-11, a standard deviation of two
points at 80% power and an alpha = 0.05, we calculated that 8 pa-
tients per group would be required.

Standard interventions

In the preoperative block area, all patients received oral multi-
modal analgesia consisting of acetaminophen 975 mg, celecoxib
400 mg, and pregabalin 75 mg. Patients were then sedated with
midazolam 2 mg IV and fentanyl 50 ug IV before receiving two
peripheral nerve blocks in the operative limb. The first was infil-
tration of 20 ml of 0.2% ropivacaine with 1 : 400,000 epinephrine
between the popliteal artery and the capsule of the knee (iPACK)
using a technique described by Sinha [17]. Following this, an ad-
ductor canal perineural catheter was placed. A high-frequency
linear ultrasound transducer (FlexFocus 400, BK medical, USA)
was placed on the anteromedial thigh at the midpoint between
the inguinal crease and the proximal aspect of the patella. Follow-
ing skin infiltration with 1% lidocaine, a 100 mm, 18 gauge Tuohy
needle (Contiplex B, B.Braun, USA) was inserted in-plane from
lateral to medial through the skin and vastus medialis muscle and
advanced toward the femoral artery in the plane immediately
deep to the sartorius muscle. When the needle tip was directly ad-
jacent to the artery (at approximately the position of the saphe-
nous nerve), a small aliquot (0.5-1 ml) of 0.2% ropivacaine was
injected and the ultrasound screen observed for evidence of the

bolus adjacent to the artery and saphenous nerve. Small adjust-
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ments were made to the needle tip position to obtain this result.
Ropivacaine 0.2% 15 ml was then administered through the nee-
dle as the primary block, to create a pocket of injectate for the
catheter. A 19 gauge perineural catheter was then passed through
the needle and the needle withdrawn. The catheter position was
adjusted as required until a 1 ml bolus through the catheter
demonstrated the spread of injectate on the anterolateral aspect of
the artery, directly adjacent to the saphenous nerve. The catheter
was then secured to the skin with octylcyanoacrylate surgical glue
(Dermabond, Ethicon Inc., USA), Steri-Strip™ wound closures
(3M, USA), and a sterile transparent adhesive dressing (Tega-
derm™, 3M, USA). The patient was then taken to the operating
room for surgery. Each patient received a total of 20 ml of 0.2%
ropivacaine for the adductor canal block. The catheter was capped
off, and no additional infusate was administered until all of the
study interventions were completed in the post-anesthesia care
unit. Block success was tested immediately prior to induction of
anesthesia by evaluating pinprick sensation on the medial calf just
proximal to the medial malleolus using a three-point scale (0 =
no sensation; 1 = partial sensation; 2 = full sensation).

General anesthesia was performed in order to rapidly and easily
assess the effect of the adductor canal block and study blocks in
the post-anesthesia care unit as well as reduce the potential bias
from a neuraxial block. Anesthesia was induced with fentanyl 1
ug/kg IV, propofol 2.5 mg/kg IV, and rocuronium 0.6 mg/kg IV. A
supraglottic airway was then placed and anesthesia maintained
with sevoflurane in an oxygen/air mixture, titrated to a bispectral
index of 40-60. Ketamine 0.5 mg/kg IV of ideal body weight (up
to a 40 mg maximum) and dexamethasone 10 mg IV were ad-
ministered before incision as a part of the routine multimodal an-
algesic regimen. Fentanyl 25 mg IV was administered as needed
to maintain heart rate and blood pressure within 20% of baseline.
A pneumatic tourniquet was used on the thigh in all cases. Fol-
lowing cementing of the implant, residual neuromuscular block-
ade was reversed with neostigmine and glycopyrrolate, and venti-
lation switched from controlled to spontaneous; fentanyl was
thereafter titrated in 25 pg aliquots to maintain a respiratory rate
of 12-16 breaths/min. At the conclusion of the surgical procedure,
sevoflurane was discontinued and the supraglottic airway re-

moved.

Study interventions

Upon arrival to post-anesthesia care unit, a blinded investigator
asked patients to report their pain quality, location, and intensity
on the NRS-11 every 5 min. Success of the previously placed ad-

ductor canal block was tested again by the absence of sensation to
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pinprick on the medial calf. The contralateral calf was also tested
as a control. Once the patient’s pain intensity reached five or
greater or at time = 30 min post-arrival in the post-anesthesia
care unit (whichever came first), the femoral nerve block inter-
vention was initiated. We chose a pain intensity trigger of five
based on pilot data from our institution demonstrating that knee
arthroplasty patients who received general anesthesia and our
standard nerve blocks had a mean peak pain score in the recovery
room of 6.2 + 1.4 (NRS scale 0-10).

Patients were randomly allocated into two groups using com-
puter-generated random numbers. The group allocation was con-
cealed in sealed opaque envelopes that were opened by an un-
blinded investigator prior arrival to the post-anesthesia care unit.
Group C patients received a postoperative single-injection femo-
ral nerve block with 15 ml of 2% chloroprocaine, and Group S pa-
tients received a sham femoral nerve block with 15 ml of normal
saline. The study solution was prepared by the unblinded investi-
gator. Chloroprocaine was chosen as the study local anesthetic so
any associated motor block of the quadriceps muscles would re-
solve quickly and not impair overall recovery and physical thera-
py-

The ultrasound-guided femoral nerve block was performed by
a blinded investigator on the operative limb using a standard tech-
nique [4]. A total of 15 ml of the study solution was deposited im-
mediately adjacent to the femoral nerve at the level of the inguinal
crease. Following the block procedure, the blinded investigator re-
peated the pain assessment every 5 min for 30 min. Patients were
permitted intravenous hydromorphone in the post-anesthesia
care unit 0.2-0.4 mg every 8 min as needed to treat pain intensity
greater than five. Sensory testing of the ipsilateral saphenous
nerve was repeated at 30 min post-block.

The presence of quadriceps spasm, opioid use in the post-anes-
thesia care unit, and any opioid-related adverse effects were also

recorded.

Statistical methods

Statistical analysis was performed with SPSS for Windows (Ver.
24.0, IBM Corp., USA). Categorical variables were reported as
count and frequency while continuous variables were reported as
either mean and standard deviation or median and interquartile
range depending on their respective distribution. Due to the low
sample size, either Wilcoxon sum rank test or Fishers exact test
was used to test the differences between continuous and categori-
cal variables, respectively. The alpha level was set at 0.05 for statis-

tical significance.
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Results

Eight patients were randomized to each group. Patient demo-
graphics and pre-intervention data are shown in Table 1 and Fig. 1
depicts the CONSORT flow diagram of patient progress through
the study. There were no differences between groups in age, body
mass index, laterality of procedure, intraoperative fentanyl use, or

time from removal of the supraglottic airway to placement of

block in post-anesthesia care unit. Height and weight were higher
in the chloroprocaine group, possibly due to a higher proportion
of males. The adductor canal blocks were all successful as demon-
strated by the loss of sensation proximal to the medial malleolus
prior to induction of general anesthesia as well as in the post-anes-
thesia care unit. Compared to those receiving sham block (sham
group), the patients receiving femoral nerve block with chloro-

procaine (chloroprocaine group) experienced a significantly re-

Table 1. Characteristics and Pre-intervention Data of Patients Receiving Chloroprocaine (Group C) or Sham (Group S) Femoral Block

Group C (n = 8) Group S (n = 8) P value
Sex (M/F) 2/6 6/2 -
Laterality (left/right) 4/4 2/6 -
Age (yr) 65.5 %59 68.6 * 7.8 0324
Height (cm) 176.1 £ 8.6 162 £ 13.6 0.029*
Weight (kg) 933 + 8.1 77.6 + 15.7 0.007*
BMI (kg/m”) 30.7 £ 1.8 295+ 43 0.510
Duration of surgery (incision to removal of supraglottic device) (min) 94.8 £ 11.9 863 £ 6.3 0.128
Intraoperative fentanyl (ug) 215.6 £ 99.0 190.6 £ 105.2 0.570
Time from removal of supraglottic airway device to the block in PACU (min) 259+ 77 23847 0.521
Number of patients who reported pain score 5 (NRS 0-10) in PACU 8 (100) 8(100) -
Pre-intervention block success (yes) 8(100) 8(100) -

Values are presented as number of patients or mean * SD, number (%). BMI: body mass index, PACU: post-anesthesia care unit, NRS: numeric rat-

ing scale. *Presents statistical significance.

( Enrollment J

| Assessed for eligibility (n = 16)

Excluded (n = 0)
_| + Not meeting inclusion criteria (n = 0)

"| - Declined to participate (n = 0)
« Other reasons (n = 0)

| Randomized (n = 16) |

v (
AN

Allocation ) v

Allocated to chloroprocaine block (n = 8)
« Recevied allocated intervention (n = 8)
- Did not receive allocated intervention (n = 0)

Allocated to sham block (n = 8)
« Recevied allocated intervention (n = 8)
- Did not receive allocated intervention (n = 0)

A4

)

Follow-up ] v

J

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Analysis ] v

J

Analyzed (n = 8)
+ Excluded from analysis (n = 0)

Fig. 1. CONSORT flow diagram.
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duced overall pain intensity. Median pain intensity was similar at
the time of block and at 5 min post-block, but the chloroprocaine
group showed a significant improvement after 10 min, and this
reduction in pain intensity continued until data collection stopped
at 30 min, at which point median (IQR) pain intensity was 2.0
(1.5-2.8) vs. 5.5 (4.0-6.5) for the chloroprocaine and sham
groups, respectively (Fig. 2).

Intravenous opioid consumption (median morphine milli-
equivalent in mg [IQR]) during the post-anesthesia care unit stay
was significantly lower in the chloroprocaine group (1.0 [0-2.25
mg]) versus the sham group (4.5 [2.5-6 mg], P = 0.032). Two pa-
tients (one in each group) were identified as having quadriceps
spasm pre-block. The spasm was completely relieved by the femo-
ral nerve block in the chloroprocaine group, but not by the sham
block. Pre-block knee pain location was characterized by patients
as either ‘top of knee/anterior’ (12 patients), ‘diffuse/all over’
(three patients), or ‘medial knee’ (one patient). The primary loca-
tion of pain remained anterior or diffuse after the femoral nerve
block in 14 patients but changed to ‘posterior’ for two patients in

the chloroprocaine group.

Discussion

Our results confirm the hypothesis that femoral nerve block
and adductor canal block do not provide an equivalent analgesic
effect for patients undergoing total knee arthroplasty. In this ran-
domized, double-blinded controlled experiment, we were able to
demonstrate that patients who had a carefully conducted and test-

ed adductor canal block were able to benefit by > 3 points on the

1

1 l

Numeric rating scale (0-10)
o

*
i .Chloroprocaine Group
* *
*
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NRS-11 when femoral nerve block with chloroprocaine was su-
perimposed, a result that is both statistically significant and clini-
cally meaningful.

These results validate what is known about the innervation of
the knee. The adductor canal block is thought to provide an effect
by anesthetizing the saphenous nerve and the nerve to vastus me-
dialis [14,18]. Blockade of these two specific nerves is theoretically
attractive, as the principal approaches to total knee arthroplasty
involve accessing the joint space via a medial (parapatellar, subva-
stus or midvastus) arthrotomy [19]. In addition, some studies
have shown that, depending on the degree of distal spread in the
adductor canal, this technique may result in blockade of genicular
branch of the obturator nerve, which may provide additional an-
algesia [14,20].

However, knee arthroplasty involves more than simply incising
the joint capsule, and there are multiple sources of postoperative
pain that are transmitted by various branches of the femoral
nerve. For example, the osteotomies performed on both the tibia
and femur as well as the impaction of joint prostheses onto the
bone surfaces involve periosteum that is innervated by all of the
distal branches of the femoral nerve, including the nerves to vas-
tus intermedius and lateralis [21]. Patellar resurfacing involves
periosteum innervated by branches from the nerve to vastus later-
alis [22]. Postoperative inflammation and edema of periarticular
soft tissues stimulate nociceptive afferents that are transmitted by
all branches of the femoral nerve, in addition to the sciatic and
obturator nerves. Finally, quadriceps muscle spasm is a known
complication following total knee arthroplasty that is associated

with severe pain and unlikely to be relieved solely by a targeted

. Sham Group

|

Pre-block 5 10

15 20

25 30

Time in relation to the femoral nerve block (min)

Fig. 2. Numeric rating scale (NRS-11) pain scores prior to and after the block intervention. Values are presented as median with error bars
showing interquartile range. Chloroprocaine block (red), Sham block (blue). *P < 0.05.
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block of the nerve to vastus medialis [23].

The femoral nerve block, which for many years was the gold
standard analgesic therapy for total knee arthroplasty, relieves
pain through blockade of its three principal motor/articular
branches (nerves to vastus medialis, intermedius, and lateralis) as
well as the saphenous nerve, and the intermediate and medial cu-
taneous nerves of the thigh. The articular, osteal, musculofascial,
and cutaneous structures of the knee joint are innervated by a
complex combination of all of these (in addition to sciatic and ob-
turator branches) [3], and the contention that blockade of just two
branches is equivalent to blockade of every branch of the femoral
nerve is anatomically questionable [3,24].

Our patients served as their own controls, eliminating inter-rat-
er variability as a confounder. Comparing pain intensity between
two groups can be challenging due to the subjective nature of
pain, especially when extensive multimodal therapies are em-
ployed [25]. Our methodology permitted the patients to ‘anchor’
their pain intensity after receiving an effective adductor canal
block, and immediately prior to the femoral nerve block, allowing
a meaningful determination of the effect, if any, of the interven-
tion. We clearly observed two distinct patterns of pain intensity:
patients in the chloroprocaine group experienced a linear decrease
in pain intensity over the subsequent 30 min, whereas the median
pain score in the sham group remained virtually unchanged. This
finding verifies our contention that there is a significant analgesic
value to the femoral nerve block above and beyond that achieved
with adductor canal block alone. The fact that pain scores in the
sham group showed little change, while receiving significantly
more opioids in post-anesthesia care unit, only strengthens our
conclusion that femoral nerve block provides superior analgesia
to adductor canal block after total knee arthroplasty.

Indeed, not all studies of adductor canal block show equivalen-
cy to femoral nerve block. Memtsoudis et al. [26] performed both
adductor canal and femoral nerve blocks (one in each thigh) in 60
patients undergoing bilateral total knee arthroplasty. Although
overall pain scores on the visual analogue scale were similar at all
time points, at 24 h, a significant proportion of patients reported
more pain in the limb that had received an adductor canal block
compared to the limb that received a femoral nerve block (50.9%
vs. 25.4%, P = 0.017). In addition, a Cochrane database review of
8 trials comparing adductor canal block versus sham block re-
vealed no differences in postoperative pain intensity at rest or
with movement [27]. Moreover, multiple studies have reported
that while maximum voluntary isometric contraction force of the
quadriceps is preserved with adductor canal block, there is no
clinical difference in ambulation or rehabilitation outcomes be-

tween adductor canal block and femoral nerve block [10,13,28-
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30]. Finally, long-term outcomes may also differ depending on the
block used: in a retrospective study of over 5,900 patients under-
going unilateral total knee arthroplasty, the use of adductor canal
block (vs. femoral nerve block) was associated with 2.87 (95% CI:
1.00-8.26) increased odds of developing persistent postoperative
pain, a finding that supports the notion that there is a difference
in the overall quality of acute pain control each technique pro-
vides [31].

Our study has several limitations. Firstly, our blocks were per-
formed at mid-thigh. There exists some controversy as to the op-
timal location on the thigh for adductor canal block (as well as the
nomenclature) [9,14], but since this is the approach that most in-
vestigators report [10,32-34], we determined it was a valid model.
Notwithstanding, our results should be interpreted with this spe-
cific anatomic location in mind, and we cannot be certain that
femoral nerve block would be superior to an adductor canal block
performed at a substantially more proximal location. Secondly, we
employed a general anesthetic in order to quickly evaluate the ef-
fect of our intervention. While this avoided the confounding ef-
fect of a neuraxial block, it may limit the interpretation of our re-
sults in cases where a spinal anesthetic is used and the pain expe-
rience is potentially less abrupt. Thirdly, we used 2% chloropro-
caine at the femoral nerve in order to produce a short-acting
block and prevent any extended quadriceps motor weakness,
since our practice is to have patients ambulate within 1 to 2 h of
surgery. It is possible that the chloroprocaine produced a different
sensory effect than would have a femoral block using 0.2% ropiv-
acaine. Finally, we only investigated the relative pain intensity and
opioid consumption, so we cannot comment on the effect of fem-
oral nerve block versus adductor canal block on any other out-
comes. Certainly, there are surgical and anesthetic imperatives to
providing motor-sparing blocks in order to enhance and acceler-
ate recovery. We are not advocating for an abandonment of the
adductor canal block for total knee replacement in favor of femo-
ral nerve block as there is clearly a central place for this mo-
tor-sparing block in modern knee arthroplasty practice, especially
with an increasing number of outpatient knee replacement proce-
dures being performed. Rather, our research question was wheth-
er these two techniques, in fact, provide the same analgesia under
very controlled conditions. Despite what appears to be the pre-
vailing trend in the literature, the answer seems to be that these
blocks are quite different in terms of pain relief.

In conclusion, the femoral nerve block confers superior analge-
sia following total knee arthroplasty compared to adductor canal
block. While the adductor canal block is motor-sparing, it also
appears to be partially sensory-sparing, as confirmed by the ana-

tomic facts as well as our results. Further research into the role of
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femoral nerve block versus adductor canal block for populations
at particularly high risk for prolonged pain and/or opioid use is
indicated, as well as the comparative value of femoral nerve block
with adductor canal block when performed at various locations
along the thigh.
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