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Background: This study aimed to compare the effects of femoral nerve block and adductor canal block on postoperative pain,
quadriceps strength, and walking ability after primary total knee arthroplasty.

Methods: Between November 2014 and February 2015, 60 patients underwent primary total knee arthroplasty. Thirty patients
received femoral nerve block and the other 30 received adductor canal block for postoperative pain control. Before spinal anesthe-
sia, the patients received nerve block via a catheter (20 mL 0.75% ropivacaine was administered initially, followed by intermittent
bolus injection of 10 mL 0.2% ropivacaine every 6 hours for 3 days). The catheters were maintained in the exact location of nerve
block in 24 patients in the femoral nerve block group and in 19 patients in the adductor canal block group. Data collection was car-
ried out from these 43 patients. To evaluate postoperative pain control, the numerical rating scale scores at rest and 45° flexion
of the knee were recorded. To evaluate quadriceps strength, manual muscle testing was performed. Walking ability was assessed
using the Timed Up and Go test. We also evaluated analgesic consumption and complications of peripheral nerve block.

Results: No significant intergroup difference was observed in the numerical rating scale scores at rest and 45° flexion of the
knee on postoperative days 1, 2, 3, and 7. The adductor canal block group had significantly greater quadriceps strength than did
the femoral nerve block group, as assessed by manual muscle testing on postoperative days 1, 2, and 3. The 2 groups showed no
difference in walking ability on postoperative day 1, but on postoperative days 2, 3, walking ability was significantly better in the
adductor canal block group than in the femoral nerve block group. No significant intergroup difference was observed in analgesic
consumption.

Conclusions: The groups showed no difference in postoperative pain control. Adductor canal block was superior to femoral nerve
block in preserving quadriceps strength and walking ability. However, adductor canal block was inferior to femoral nerve block in
maintaining the exact location of the catheter.
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Among patients undergoing total knee arthroplasty, 60%  perience moderate postoperative knee pain.” Despite the
experience severe postoperative knee pain and 30% ex-  postoperative pain, patients undergoing total knee arthro-
plasty are strongly recommended to initiate early ambula-
tion and rehabilitation for satisfactory surgical outcomes.
However, severe pain after total knee arthroplasty makes
Department of Orthopedic Surgery, Bumin Hospital, 59 Mandeok-daero, early amb.ulatlon .and reha.blhtatlo.n difficult, and can lez?d
Buk-qu, Busan 46555, Korea to knee stiffness, increase in hospital stay, and decrease in
Tel: +82-51-330-3082, Fax: +82-51-337-5041 overall patient satisfaction.” The severe postoperative pain
E-mail: wellknee@gmail.com eventually becomes the biggest reason for patients avoid-
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ing a contralateral total knee arthroplasty.” Postoperative
pain management modalities include the use of oral or
intramuscular nonsteroidal anti-inflammatory drugs, opi-
oid analgesics, intravenous or epidural patient-controlled
analgesia, neuraxial analgesia (epidural analgesia), peri-
articular injection, and peripheral nerve blocks. Among
these modalities, peripheral nerve blocks offer effective
postoperative pain control and functional outcomes simi-
lar to those of continuous epidural analgesia and have a
lower rate of complications related to epidural analgesia,
such as generalized pruritus, dizziness, hypotension, and
hematoma formation on the spine.” In particular, femoral
nerve block is often considered the gold standard for pain
relief after total knee arthroplasty.*” However, femoral
nerve block reduces quadriceps muscle strength and com-
promises early ambulation and rehabilitation. Moreover, it
has been associated with higher risks of falls.”

The adductor canal is located in the middle 1/3 of
the thigh and runs from the apex of the femoral triangle
proximally to the adductor hiatus distally. The adduc-
tor canal continuously encloses the saphenous nerve and
the nerve to the vastus medialis. Placement of a catheter
within the adductor canal can potentially spare the major
motor branches of the femoral nerve while still provid-
ing effective postoperative pain control.”” However, only
a few recent studies have compared the effect of femoral
nerve block and adductor canal block on postoperative
pain control after total knee arthroplasty. Furthermore, to
our knowledge, no domestic study has compared the effect
of femoral nerve block and adductor canal block on pain,
quadriceps strength, and walking ability after primary
total knee arthroplasty. The present retrospective study
aimed to determine and compare the effect of continu-
ous femoral nerve block and adductor canal block on (1)
postoperative pain control; (2) postoperative quadriceps
strength; and (3) walking ability after total knee arthro-

plasty.

METHODS

This retrospective study was approved by the Bumin Hos-
pital Institutional Review Board (No. 201604-BM-007).
We performed 30 femoral nerve blocks and 30 adductor
canal blocks for postoperative pain control in patients who
underwent primary total knee arthroplasty between De-
cember 2014 and February 2015.

We included patients over 55 years of age who had
undergone primary total knee arthroplasty for osteoar-
thritis of more than Kellgren and Lawrence grade III and
American Society of Anesthesiologists physical status clas-

sification of I to III. We excluded patients with a history of
surgeries (contralateral knee surgery within 3 months and
spine surgery within 6 months), allergy to any local anes-
thetics, history of chronic pain requiring treatment with
long-acting opioids, inability to understand the numerical
rating scale (NRS), and contraindications to peripheral
nerve block (localized infections, sepsis, or preexisting
lower extremity neurological abnormality).

All peripheral nerve blocks were performed before
spinal anesthesia by the same anesthesiologist who had ex-
perience in ultrasound-guided peripheral nerve block. For
the femoral nerve block, the femoral artery was palpated
in the inguinal area. The tip of the needle was located
1-1.5 cm lateral to the femoral artery pulsation and 20
mL 0.75% ropivacaine was injected into the femoral nerve
under ultrasound guidance (LOGIQ P6; GE Healthcare,
Milwaukee, WI, USA). Then a 20-gauge catheter (Perfix;
B. Braun Melsungen, Germany) was inserted for continu-
ous nerve block. For the adductor canal block, the medial
part of the thigh, the mid-portion between the superior
anterior iliac spine and the patella, and the adductor canal
were visualized under ultrasound guidance. In the axial
view, we identified the femoral artery underneath the
sartorius muscle and the saphenous nerve just lateral to
the artery. With the tip of the needle placed just lateral to
the artery and the saphenous nerve, 20 mL 0.75% ropiva-
caine was injected to expand to the adductor canal. Then
a 20-gauge catheter was inserted for continuous nerve
block. In both groups, the patients received repeated bo-
lus injections of 10 mL 0.2% ropivacaine at intervals of 6
hours until the third day after surgery. Success of the block
was verified by testing the response to a cold sensation
determined by placing a cotton swab soaked with alcohol
in the saphenous nerve distribution region. All patients
had tricompartment cemented knee arthroplasty with
posterior cruciate ligament (PCL)-substituting implants
under tourniquet control. A standard medial parapatel-
lar approach was used. All patients received intravenous
patient-controlled analgesia (IV-PCA), which included
fentanyl 600 pg (12 mL), ketorolac tromethamine 90 mg (3
mL), and nefopam hydrochloride 20 mg (20 mL) diluted
in 150 mL saline: bolus, 5 mg; lock-out time, 20 minutes.
Standard oral analgesics consisted of acetaminophen 325
mg, tramadol hydrochloride 37.5 mg, meloxicam 7.5 mg
every 12 hours. On the first postoperative day, full weight
bearing was allowed. But to prevent fall-down, patients
ambulated with the assistance of a walker. And active and
passive range of motion exercises with continuous passive
motion and muscle strengthening were performed.

All patients’ charts were reviewed retrospectively
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to obtain the outcome data. To evaluate postoperative
pain control, the NRS scores at rest and at 45° flexion of
the knee were recorded. To evaluate quadriceps strength,
manual muscle testing (MMT) was performed. Walking
ability was assessed using a validated ambulation test, the
Timed Up and Go (TUG) test.” The TUG test measures
the time taken by a patient to stand up from a chair, walk
a distance of 3 m, and return to the chair. All patients used
a high walker with an arm support as an assisted walking
aid to prevent falling during the test. The NRS scores and
MMT results were accessed 4 times (6:00, 11:00, 16:00,
and 21:00) a day on postoperative days 1, 2, 3, and one
time on postoperative day 7. The TUG test result was mea-
sured once a day on postoperative days 1, 2, 3, and 7. To
obtain highly objective results, one investigator assessed
the MMT and TUG test results in all patients. We also
evaluated the analgesic consumption and complications of
peripheral nerve block in all of the patients.

Statistical analyses were performed using MedCalc
(MedCalc ver. 15.2.2; MedCalc Inc., Mariakerke, Bel-
gium). The Kolmogorov-Smirnov test was used to deter-
mine whether the measured and calculated parameters
were distributed correctly. The independent samples ¢-test
was used to determine the significance of intergroup dif-
ferences in continuous variables. The chi-square test was
used for association between 2 categorical variables. A p-

Table 1. Patient Demographics and Baseline Characteristics

value less than 0.05 was considered statistically significant.

RESULTS

The catheters were maintained in the exact location of the
nerve block during the study period in 24 patients in the
femoral nerve block group and 19 in the adductor canal
block group. Almost all catheters were removed during
continuous passive motion exercise or walking. The pa-
tients who had a catheter dropout during the study were
excluded from collection of data for clinical outcomes.
Patient demographics and clinical characteristics
are shown in Table 1. The baseline values were similar
between the 2 groups. The average time for femoral nerve
block and adductor canal block was 9.8 minutes and 10.3
minutes, respectively, with no significant intergroup dif-
ference. Among the NRS scores obtained at rest, the one
obtained in the first test on postoperative day 1, and those
obtained in the third tests on postoperative days 2 and 3,
showed significant intergroup differences. However, the
groups generally showed no major differences (Fig. 1).
Among the NRS scores obtained at 45° flexion of the knee,
the one obtained in the second test on postoperative day
1, and the other obtained in the first test on postoperative
day 2 also showed significant intergroup differences. How-
ever, the groups generally showed no major differences

Femoral nerve block group

(n=24)
Sex (male/female) 4/20
Age (yr) 74.3 +6.81
Height (cm) 1512+64
Weight (kg) 632+4.3
Preoperative NRS 74713
Kellgren and Lawrence grade (I/11/111/1V) 0/0/2/22
Preoperative mechanical femorotibial angle (°) 188.9+5.1
Preoperative muscle power (MMT) 42+03
Preoperative knee flexion (°) 127.1+6.2
Hypertension (%) 15/24 (62.5)
Diabetes (%) 18/24 (75)
Time for block performance 98+25

Adductor canal block group

(n=19) p-value
4/15 061*
722+53 0.28'
152.3+57 0.56'
653437 0.09'
729+19 071
0/0/3/16 0.36*
188.1+6.1 0.64'
41+05 042'
1279+7.1 069"
14/19(73.6) 0.44*
15/19(78.9) 0.76*
10.3+2.1 041"

Values are presented as mean + standard deviation.
NRS: numerical rqting scale, MMT: manual muscle test.
*Chi-square test. 'Independent-samples t-test.
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Fig. 1. Mean numerical rating scale (NRS) pain score at rest. A p-value
less than 0.05 was considered to be statistically significant. FNB: femoral
nerve block, ACB: adductor canal block, POD: postoperative day. *p < 0.05
in independent samples t-test.
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Fig. 2. Mean numerical rating scale (NRS) pain score during 45° flexion
of knee. A p-value less than 0.05 was considered to be statistically
significant. FNB: femoral nerve block, ACB: adductor canal block, POD:

postoperative day. *p < 0.05 in independent samples t-test.

(Fig. 2). The adductor canal block group had significantly
greater quadriceps strength than did the femoral nerve
block group, as evidenced by the MMT results (Fig. 3).
Walking ability measured using the TUG test showed no
intergroup difference on postoperative day 1 (p = 0.181),
but on postoperative days 2, 3, walking ability was signifi-
cantly better in the adductor canal block group than in the
femoral nerve block group (p = 0.03 and p = 0.019, respec-
tively) (Fig. 4). None of the patients experienced any falls.
Transient neuritis was observed in 2 patients in the femo-
ral nerve block group and 3 in the adductor canal block
group. No significant difference in the total amount of IV-
PCA and additional analgesic consumption (intramuscular
tramadol hydrochloride injections) was observed between
the 2 groups (p = 0.621 and p = 0.771, respectively) (Fig. 5).
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Fig. 3. Quadriceps muscle strength was assessed by manual muscle
test (MMT). A p-value less than 0.05 was considered to be statistically
significant. FNB: femoral nerve block, ACB: adductor canal block, POD:
postoperative day. *p < 0.05 in independent samples t-test.
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Fig. 4. Walking ability was assessed by Timed Up and Go (TUG) test. A
p-value less than 0.05 was considered to be statistically significant. FNB:
femoral nerve block, ACB: adductor canal block, POD: postoperative day.
*p<0.05 in independent samples t-test.

DISCUSSION

The most important finding of this retrospective study
is that the adductor canal block group had significantly
greater quadriceps muscle strength than did the femoral
nerve block group, without major differences in the NRS
scores or analgesic consumption. Femoral nerve block is as
effective as epidural anesthesia in pain relief, but without
the associated side effects such as nausea, vomiting, and
pruritus.*” However, femoral nerve block causes profound
motor blockade that weakens quadriceps muscle strength.
Jeeger et al.” showed that quadriceps strength reduces by
49% in healthy subjects undergoing femoral nerve block.
Charous et al.” reported an almost 80% reduction in quad-
riceps strength in human volunteers undergoing femoral
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Fig. 5. Comparison of total analgesic consumption between groups. FNB:
femoral nerve block, ACB: adductor canal block.

nerve block even at a very low dose and volume. However,
Jeeger et al.” reported that adductor canal block only re-
duced the quadriceps muscle strength by 8% compared
with the baseline strength. Moreover, adductor canal block
preserved the ability to ambulate better than did femoral
nerve block.” We judged that the influence of quadriceps
weakness was reflected in the ambulation; therefore, we
checked the TUG test results obtained on postoperative
days 1, 2, 3, and 7. While we found no intergroup differ-
ence on postoperative day 1 (p = 0.181), we found that
walking ability was significantly better in the adductor
canal block group than in the femoral nerve block group
on postoperative days 2 and 3 (p = 0.03 and p = 0.019,
respectively). All subjects used a high walker with an arm
support to minimize the risk of falling during the TUG
test. This provided an opportunity to compensate for the
quadriceps muscle weakness in the operated limb. If the
TUG test was performed without an assisted walking aid,
we think there might have been a significant intergroup
difference in the TUG test results obtained on postopera-
tive day 1.

None of the patients in the present study had falls.
Because the sample size of this study was small and all pa-
tients were warned about the risk of falling, it was difficult
to assess whether quadriceps muscle weakness did not
increase the risk of falling. Several studies have shown that
femoral nerve block was associated with a higher risk of
falling,""" which might be avoided with the use of adduc-
tor canal block. Therefore, more attention should be paid
to avoid falls in patients undergoing femoral nerve block.

To evaluate postoperative pain control, the NRS
scores at rest and 45° flexion of the knee were assessed.
The NRS scores were somewhat lower in the adductor
canal block group than in the femoral nerve block group,
with some significant intergroup differences. However, we

suggested that generally, no major differences appeared
between the two groups at rest and during 45° flexion of
the knee (Figs. 1 and 2). Total analgesic consumption was
approximately 14.5% lesser in the adductor canal block
group than in the femoral nerve block group, but with no
intergroup difference. Therefore, we concluded that no
significant intergroup difference existed in postoperative
pain control. Our findings were similar to those of other
comparative studies.”'>"” However, we did not have a con-
trol group because it is the standard protocol at our institu-
tion to provide a peripheral nerve block for postoperative
pain management. Therefore, we are unsure how effective
pain control with peripheral nerve block is compared to
no peripheral nerve block in the control group. Future
studies using appropriate control groups (no peripheral
nerve block) are warranted to clarify this issue.

There is no consensus about the appropriate admin-
istration methods in peripheral nerve block. Generally,
peripheral nerve block is administered in two ways: con-
tinuous technique and single-shot technique. In several
studies, continuous peripheral nerve block showed better
results than did the single-shot technique in optimal post-
operative pain control after total knee arthroplasty."*"®
Hunt et al."” also reported that continuous peripheral
nerve block yielded results superior to the single-shot
technique in terms of pain control after the first 36 hours
as well as opioid consumption. Shah et al.' reported that
continuous adductor canal block provided significantly su-
perior results in terms of postoperative pain control than
did single adductor canal block, without compromising
walking ambulation and early functional recovery. Patients
who underwent total knee arthroplasty at our institution
are permitted ambulation and practice continuous passive
motion exercises from postoperative day 1. Therefore, they
complain of severe pain after rehabilitation. Controlling
post-rehabilitation pain is as important as controlling op-
erative pain; therefore, we preferred continuous peripheral
nerve block.

The common complications of peripheral nerve
block are catheter dropout, neuropathy, and infection.
Among our patients who received femoral nerve block, 6
(20%) experienced catheter dropout, 2 (6.6%) developed
neuropathy, and none developed any infection. Among
those who received adductor canal block, 11 (36.6%) expe-
rienced catheter dropout, 3 (10%) developed neuropathy,
and none developed any infection. Catheter dropout was
defined as the visibility of the extraction or the persistence
of pain after analgesic administration. Patient response
to cold sensation was determined by placing an alcohol-
soaked cotton swab on the distribution of the saphenous
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nerve on the upper medial part of the ankle and compar-
ing it to the sensation on the contralateral side. The cath-
eter dropout rate with adductor canal block was higher
than that with femoral nerve block (p = 0.141). The cath-
eter for adductor canal block is placed around the middle
of the thigh, under a pneumatic tourniquet; this location
results in a higher risk of catheter misplacement during
surgery. The catheter must also be advanced through the
sartorius muscle, and this might cause the catheter to be
displaced during early rehabilitation and ambulation. Fur-
ther studies may be needed to identify a technique for the
successful maintenance of the adductor canal block cath-
eter. In our study, 5 patients (8.3%) developed neuropathy.
Nerve injury after peripheral nerve block is caused by
direct injury, intraneural injection, hematoma formation,
decreased blood flow, and infection. In this study, periph-
eral nerve block was performed under direct ultrasound
guidance. Therefore, the neuropathies could be attributed
to the decreased blood flow resulting from the use of a
pneumatic tourniquet. Nevertheless, all patients recovered
without additional treatment within an average of 16 days.

This study had some limitations. First, it was a ret-
rospective, nonrandomized study. Differences in patient
characteristics and surgical and nerve block techniques
between the 2 groups may have affected the measured out-
comes. To minimize the influence of confounding factors,
we selected patients with similar baseline characteristics;
moreover, the surgeries were performed by the same se-
nior surgeon, and peripheral nerve blocks were performed
by the same anesthesiologist by using standard protocols.
Second, we performed MMT to compare the effect of fem-

oral nerve block and adductor canal block on quadriceps
muscle strength. MMT is a procedure for evaluating the
function and strength of individual muscles and muscle
groups based on the forces of gravity and manual resis-
tance. MMT results depend on the investigator’s subjec-
tive judgement, and they are difficult to precisely measure
because of postoperative pain. Therefore, in our study,
all MMT measurements were performed by the same ex-
perienced investigator to reduce any interobserver bias.
Lastly, our study had a small sample size. This was because
patients who had a catheter dropout were excluded from
data collection for clinical outcomes. The statistical power
negatively affected the likelihood that a nominally statisti-
cally significant finding actually reflected a true effect. To
obtain precise results, studies on a larger sample size are
necessary.

To conclude, no difference in pain control after to-
tal knee arthroplasty was observed between the adductor
canal block and femoral nerve block groups. However,
adductor canal block was superior to femoral nerve block
in preserving quadriceps strength and walking ability.
Compared to femoral nerve block, adductor canal block
also provided better ambulation ability after total knee ar-
throplasty. However, adductor canal block was inferior to

femoral nerve block in terms of the maintenance of nerve
block.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was
reported.

REFERENCES

1. Bonica]J], Loeser JD, Chapman CR, Fordyce WE. The man-
agement of pain. 2nd ed. Philadelphia, PA: Lea and Febiger;
1990. 461-80.

2. Strassels SA, Chen C, Carr DB. Postoperative analgesia: eco-
nomics, resource use, and patient satisfaction in an urban
teaching hospital. Anesth Analg. 2002;94(1):130-7.

3. Jeong MS, Song EK, Seon JK, Byun JW, Lee K], Jung YW.
Effectiveness of pain relief for femoral nerve block in mul-
timodal pain control protocols in total knee arthroplasty. J
Korean Orthop Assoc. 2011;46(3):237-43.

4. Paul JE, Arya A, Hurlburt L, et al. Femoral nerve block im-
proves analgesia outcomes after total knee arthroplasty: a
meta-analysis of randomized controlled trials. Anesthesiol-
ogy. 2010;113(5):1144-62.

5. Choy WS, Lee SK, Kim KJ, Kam BS, Yang DS, Bae KW. Two

continuous femoral nerve block strategies after TKA. Knee
Surg Sports Traumatol Arthrosc. 2011;19(11):1901-8.

6. Charous MT, Madison SJ, Suresh PJ, et al. Continuous femoral
nerve blocks: varying local anesthetic delivery method (bo-
lus versus basal) to minimize quadriceps motor block while
maintaining sensory block. Anesthesiology. 2011;115(4):774-
81.

7. Jaeger P, Nielsen ZJ, Henningsen MH, Hilsted KL, Mathie-
sen O, Dahl JB. Adductor canal block versus femoral nerve
block and quadriceps strength: a randomized, double-blind,
placebo-controlled, crossover study in healthy volunteers.
Surv Anesth. 2013;57(4):199-200.

8. Lund ], Jenstrup MT, Jaeger P, Sorensen AM, Dahl JB. Con-
tinuous adductor-canal-blockade for adjuvant post-opera-
tive analgesia after major knee surgery: preliminary results.



309

10.

11.

12.

13.

Seo et al. Femoral Nerve Block vs. Adductor Canal Block for Pain after Total Knee Arthroplasty

Clinics in Orthopedic Surgery * Vol. 9, No. 3, 2017 « www.ecios.org

Acta Anaesthesiol Scand. 2011;55(1):14-9.

Yeung TS, Wessel ], Stratford P, Macdermid J. Reliability, va-
lidity, and responsiveness of the lower extremity functional
scale for inpatients of an orthopaedic rehabilitation ward. J
Orthop Sports Phys Ther. 2009;39(6):468-77.

Iifeld BM, Duke KB, Donohue MC. The association be-
tween lower extremity continuous peripheral nerve blocks
and patient falls after knee and hip arthroplasty. Anesth
Analg. 2010;111(6):1552-4.

Johnson RL, Kopp SL, Hebl JR, Erwin PJ, Mantilla CB. Falls
and major orthopaedic surgery with peripheral nerve block-
ade: a systematic review and meta-analysis. Br ] Anaesth.
2013;110(4):518-28.

Grevstad U, Mathiesen O, Valentiner LS, Jaeger P, Hilsted
KL, Dahl JB. Effect of adductor canal block versus femoral
nerve block on quadriceps strength, mobilization, and pain
after total knee arthroplasty: a randomized, blinded study.
Reg Anesth Pain Med. 2015;40(1):3-10.

Kim DH, Lin Y, Goytizolo EA, et al. Adductor canal block

14.

15.

16.

17.

versus femoral nerve block for total knee arthroplasty: a
prospective, randomized, controlled trial. Surv Anesth.
2014;58(4):199-200.

Nielsen KC, Klein SM, Steele SM. Femoral nerve blocks.
Tech Reg Anesth Pain Manag. 2003;7(1):8-17.

Ng HP, Cheong KE Lim A, Lim J, Puhaindran ME. Intra-
operative single-shot "3-in-1" femoral nerve block with
ropivacaine 0.25%, ropivacaine 0.5% or bupivacaine 0.25%
provides comparable 48-hr analgesia after unilateral total
knee replacement. Can J Anaesth. 2001;48(11):1102-8.

Shah NA, Jain NP, Panchal KA. Adductor canal blockade
following total knee arthroplasty-continuous or single shot
technique? Role in postoperative analgesia, ambulation abil-
ity and early functional recovery: a randomized controlled
trial. ] Arthroplasty. 2015;30(8):1476-81.

Hunt KJ, Bourne MH, Mariani EM. Single-injection femo-
ral and sciatic nerve blocks for pain control after total knee
arthroplasty. ] Arthroplasty. 2009;24(4):533-8.



