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KEYWORDS Abstract

IPACK; Background: This study aimed to evaluate the impact of Infiltration between the Popliteal
Peripheral nerve Artery and Capsule of the posterior Knee (IPACK) combined with an adductor canal block under
blocks; the guidance of ultrasound on early motor function after Total Knee Arthroplasty (TKA).
Regional anesthesia; Methods: Asample of 60 cases who were scheduled for elective unilateral TKA were divided into
Adductor canal block; two groups using random number table method: a group with IPACK combined with an adductor
Total knee canal block (I group, n = 30), and a group with femoral nerve block combined with superior
arthroplasty popliteal sciatic nerve block (FS group, n = 30). Before anesthesia induction was completed,

the patients in | group received an ultrasound-guided adductor canal block with 15 mL of 0.375%
ropivacaine and an IPACK block with 25 mL of ropivacaine, and the patients in FS group received
a femoral nerve block and a superior popliteal sciatic nerve block with 20 mL of 0.375% ropiva-
caine under ultrasound guidance. Post-operation, all the patients received patient-controlled
intravenous analgesia combined with an oral celecoxib capsule to relieve pain and maintain a
visual analogue scale score of < 3.

Results: The quadriceps femoris muscle strength score was significantly higher in | group than
in FS group (p = 0.001), while the modified Bromage score were significantly lower and walking
distance results were significantly higher in | group than in FS group (both p = 0.000).
Conclusion: Compared with femoral nerve block combined with superior popliteal sciatic nerve
block, IPACK combined with adductor canal block had a mild impact on early motor functions
after TKA.
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Introduction

Total Knee Arthroplasty (TKA) is the best treatment option
for patients with end-stage joint disease as it provides the
benefits of relieving pain and improving joint function.’
However, despite the effectiveness of this approach, the
rehabilitation of limbs after a TKA operation still faces crit-
ical challenges. Pain is the most difficult factor to control
following TKA; however, the development of an ultrasound-
guided nerve block has helped to reduce postoperative pain
to a certain extent.? Within the model of Enhanced Recov-
ery After Surgery (ERAS), it is required that a patient’s
pain should be fully controlled after the operation to help
achieve early limb autonomous movement, speed up the
rehabilitation process, shorten hospital stays, and improve
patient satisfaction.>* Femoral nerve block combined with
sciatic nerve block is used for postoperative analgesia; while
this achieves a satisfactory analgesic effect, it presents the
issues of quadriceps femoris weakness and calf weakness,
which limit early autonomic exercise and activity of the
joints and increase the risk of falls after surgery. Addition-
ally, it can easily cover up peroneal nerve injuries, which
occur frequently, as well as other nerve injuries that take
place during the operation.® Studies have confirmed that
an adductor canal block has satisfactory analgesic effects
and does not affect quadriceps femoris muscle strength;
consequently, it could replace the femoral nerve block.®”
However, this method cannot prevent posterior knee pain.

The ERAS model was first proposed by Professor Henrik
Kehlet at the Copenhagen University in Denmark in 1997,
and it was introduced to China by academician Jieshou Li in
2006. In ERAS, the goals of pain management are to minimize
postoperative pain, promote early recovery and rehabil-
itation, and improve the patient’s functional outcomes.®
Analgesia after TKA has been the focus of several studies in
recent years, and it has been found that ultrasound-guided
nerve block analgesia can significantly improve patient
satisfaction. Following the introduction of ERAS and the
improvement of the analgesic effect, a new goal is to
achieve self-controlled joint movement as early as possi-
ble after an operation. However, limited research has been
conducted to date on the early recovery of motor function
after an operation. Infiltration between the Popliteal Artery
and the Capsule of the Knee (IPACK) is a new method that
has been proposed in recent years as a potential alternative
to the sciatic nerve block. Its combined use with adductor
canal block has a good analgesic effect and little impact on
the muscle strength of the affected limbs post-operation,
and patients treated with this method can participate in
early rehabilitation exercise, have shorter hospital stays,
and report improved satisfaction.’ In the present study, we
aimed to evaluate the impact of ultrasound-guided IPACK
combined with adductor canal block on limb motor func-
tion and early functional rehabilitation of the knee joint in
patients undergoing TKA.

Methods
Patient information

The ethics committee of the researchers’ hospital approved
the present study (Medical Ethics Approval Number:

QYFYWZLL 25588). All patients provided written informed
consent before undergoing surgery. From January 2018 to
August 2018, 60 male and female patients who were sched-
uled to undergo elective unilateral knee arthroplasty were
enrolled in this study. The age range of these patients was
50-80 years, their bodyweight ranged from 50 to 90 kg, and
each patient had an American Society of Anesthesiologists
(ASA) physical status of I-lll. All patients met the follow-
ing inclusion and exclusion criteria: no history of anesthetic
allergy or nerve damage; no infectious diseases; normal
coagulation function; and no history of severe hepatorenal
insufficiency, psychiatric disorders, or drug dependence.
The patients were divided into two groups according to
the random number table method: a group treated with
IPACK combined with adductor canal block (I group, n = 30),
and a group treated with femoral nerve block combined with
superior popliteal sciatic nerve block (FS group, n = 30).

Surgical procedure

The patient entered the operation room. The venous
access was opened, and the patient inhaled oxygen.
The patient’s pulse, oxygen saturation, electrocardiogram,
Bispectral Index (BIS), and invasive arterial blood pres-
sure were monitored. The ultrasound-guided intraplanar
needling technique was used to apply the nerve block. The
ultrasound probe was covered with an aseptic mantle, the
skin was disinfected, and local infiltration anesthesia was
induced with 1% lidocaine. The disposable puncture needle
was connected to a syringe containing ropivacaine.

In the | group, the IPACK block and adductor canal block
were performed under ultrasound guidance. The IPACK block
steps can be summarized as follows. The ultrasound probe
scanned the popliteal fossa. After the femoral condyle
appeared in the field, the ultrasound probe moved toward
the head until the femoral shaft appeared, and the popliteal
artery was visible. The puncture needle was inserted from
the lateral knee joint to the site between the popliteal
artery and the femur, and 25 mL of 0.375% ropivacaine was
injected. For the adductor canal block, the ultrasound probe
was placed at the midpoint of the connecting line between
the greater trochanter of the femur and the upper edge of
the patella,'® and the ultrasound-guided puncture was per-
formed. After the site of the needle tip was confirmed, the
needle was withdrawn. When it was confirmed that there
was no blood on the needle, 15 mL of 0.375% ropivacaine
was injected.

Patients in the FS group received the femoral nerve
block and superior popliteal sciatic nerve block under ultra-
sound guidance. For the femoral nerve block, the ultrasound
probe scanned the inguinal region of the affected limb on a
short-axis transverse section. After successful puncture, the
needle was withdrawn, and when it was confirmed that there
was no blood inside the needle, 20 mL of 0.375% ropivacaine
was injected."'""3 For the superior popliteal sciatic nerve
block, the patient flexed their limbs and knees while lying
on their back. The ultrasound probe scanned at 8-10 cm on
the lateral knee joint. After successful puncture, the needle
was withdrawn, and when it was confirmed that there was
no blood inside the needle, 20 mL of 0.375% ropivacaine was
injected.
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General anesthesia was performed after successful appli-
cation of the nerve blocks. For anesthesia induction, 20 pg
of sufentanil, 1.5 mg.kg" of propofol, and 0.2 mg.kg™" of
atracurium cis-benzene sulfonate were used, and a laryngeal
mask intubation was performed. For anesthesia mainte-
nance, 0.1 mg.kg'.min"' of propofol was continuously
infused, atracurium cis-benzene sulfonate was intermit-
tently injected, and 10 pg of sufentanil was intravenously
injected before the skin incision was completed. During
the operation, sufentanil was added as necessary accord-
ing to vital signs, and BIS was maintained within the range
45-60. Patient-controlled intravenous analgesia was given
for 48 hours after the operation, consisting of 50 pg of sufen-
tanil, a 6-mg butorphanol tartrate injection, and 8 mg of
ondansetron, added with normal saline to achieve a total
volume of 100 mL. The background infusion volume was
2 mL.h", the self-control single additional volume was 2 mL,
and the duration was 15 minutes. Celecoxib capsules were
taken orally to relieve pain. The visual analogue scale score
was maintained at < 3 points.

Main outcomes

The modified Bromage score and quadriceps femoris mus-
cle strength score at the point of leaving the Postanesthesia
Care Unit (PACU) and at 24, 48, and 72 hours post-operation,
as well as walking distance at 48 and 72 hours post-
operation, were recorded. Secondary outcomes such as
incidence of infection, hematoma, and nerve injury caused
by the nerve block were recorded.

The quadriceps femur muscle strength score at PACU,
24, 48, and 72 hours after surgery was evaluated using the
Manual Muscle Testing (MMT) muscle strength grading stan-
dard: failure to contract muscles at all = 0 points; muscles
may contract slightly, but the joint cannot move = 1 point;
without gravitational resistance, the joint can achieve a full
range of motion = 2 points; the joint can resist gravity for
a full range of motion, but it cannot exert resistance = 3
points; the joint shows resistance to gravity and partial resis-
tance to motion = 4 points; and the joint shows resistance
to gravity and complete resistance to motion = 5 points.

The modified Bromage score at PACU, 24, 48, and 72 hours
postoperatively was measured as follows: no motor nerve
block in the lower extremity = 0 point; the affected limb
cannot lift the leg = 1 point; failure to bend the knee of the
affected limb = 2 points; and failure to bend the ankle = 3
points. The distance between the patient’s bed and each
relevant position in the ward was measured and marked. The
patient got out of bed to exercise according to a prescribed
route, and the daily walking route was recorded to calculate
the walking distance.

Statistical analysis

Data were statistically analyzed using SPSS 24.0 statisti-
cal software. Normally distributed measurement data were
expressed as mean =+ standard deviation (x + SD), and com-
parisons between the groups were conducted using a t-test.
The non-normally distributed measurement data were also
compared using a Wilcoxon rank-sum test. Data of the same
index acquired at different times were compared using a

* % * * * % * % E=R Group |
E& Group FS

o 4 *x P<C0.001
o
(%]
7]
s
= 21

PACU 24h 48h 72h

Figure 1 Comparison of Quadriceps muscle strength score

(***, p=0.001). PACU, when leave the Postoperative Anesthesia
Care Unit; MMT score, Manual Muscle Test score (xx: p < 0.001).

repeated-measures analysis of variance, and counting data
were compared using a chi-square test. A p-value of < 0.05
was considered statistically significant.

Results

The differences in general characteristics between the two
groups were not statistically significant: age (p = 0.984);
gender (p = 0.639); Body Mass Index (BMI) (p = 0.610); and
ASA physical status (p = 0.478) (Table 1).

Comparison of quadriceps femoris muscle strength
scores after the operation

There was a statistically significant difference between the
quadriceps femoris muscle strength scores of the | group and
the FS group (p < 0.001). The score was significantly higher
in the | group than in the FS group at each time point after
the operation: 4.2 vs. 2.17 at PACU; 4.83 vs. 3.23 at 24h;
4.93 vs. 3.90 at 48h; and 5.0 vs. 4.63 at 72h (Fig. 1).

Comparison of the degree of motor block in the
affected limbs

The difference in the degree of the motor block in the
affected limbs between the two groups was statistically sig-
nificant (p = 0.000). The Bromage score of the affected limbs
was significantly lower in the | group than in the FS group at
each time point within 48 hours after the operation: 0.33 vs.
2.97 at PACU; 0.07 vs. 1.20 at 24h; and 0.03 vs. 0.37 at 48h
(p = 0.000). However, the muscle strength of the affected
limbs returned to normal at 72 hours for all patients, and the
Bromage score was 0 in both groups (0 vs. 0, p = 1.000). Thus,
there was no statistically significant difference between the
modified Bromage scores of the affected limbs for the two
groups at this time point (Fig. 2).

Comparison of walking distance at an early stage
after the operation

There was a statistically significant difference between the
walking distances of the two groups at an early stage after
the operation (p = 0.000). The difference between the two
groups at 72 hours was statistically significant, with a signi-
ficantly longer distance in the | group than in the FS group
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Table 1

Demographic characteristics of patients undergoing total knee arthroplasty.

| group (n = 30) 67.8 + 6.4 21/9
FS group (n = 30) 67.8 £ 6.7 20/10
p-value 0.984 0.639

271+ 3.4 12/13/5
26.7 +£2.7 15/11/4
0.610 0.478

BMI, Body Mass Index; ASA, American Society of Anesthesiologists.

| group: a group with IPACK combined with an adductor canal block.

FS group: a group with femoral nerve block combined with superior popliteal sciatic nerve block.

4 P -= GroupFS
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Figure 2  Comparison of Bromage score. PACU: when leave the
Postoperative Anesthesia Care Unit (®: p < 0.05; x: p < 0.05;
**: p < 0.001).
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Figure 3 Comparison of postoperative walking distance (@:

p < 0.05; »: p < 0.05).

(167.14 vs. 118.39, p = 0.002). However, the difference at
48 hours was not statistically significant (88.21 vs. 63.55,
p = 0.079) (Fig. 3).

Comparison of postoperative complications and
adverse reactions

No postoperative complications in terms of infection,
hematoma, or nerve injury occurred in either group. Foot
drop occurred in two patients in the | group and in 28
patients in the FS group. The incidence of the foot drop was
thus significantly lower in the | group at a significant level
(0.07 vs. 0.93, p = 0.00).

Discussion

A previous study confirmed that an adductor canal block can
replace a femoral nerve block to achieve adequate postoper-
ative analgesia, reduce postoperative impact on quadriceps
femoris muscle strength, and promote early participation

of patients in functional exercise.'* However, there remains
the issue of posterior knee-joint pain associated with the
adductor canal block. The IPACK block approach solves this
problem. Previous studies have shown that IPACK combined
with an adductor canal block has a better analgesic effect
than the latter in isolation and is conducive to the early
functional recovery of patients.>"'®

Quadriceps femoris muscle strength is one of the main
indicators for evaluating the early motor function of patients
after an operation. The findings of the current study
revealed a statistically significant difference between the
quadriceps femoris muscle strength scores of the | group and
the FS group, with the score in the | group being significan-
tly higher than that in the FS group at each measured time
point. The difference between the walking distances for the
two groups was statistically significant at an early stage after
the operation and at 72 hours post-operation, with a signifi-
cantly higher distance in the | group than in the FS group. The
results of the two groups displayed significantly less impact
on the muscle strength of the affected limbs for patients
in the | group than for the FS group, indicating that the
IPACK treatment was conducive to the early recovery of joint
motor function. Dr. Paolo Scimia confirmed similar results in
a study showing that IPACK combined with an adductor canal
block was an effective method for achieving effective early
analgesia and timely postoperative functional rehabilita-
tion, reducing perioperative complications, and shortening
hospitalization time."’

However, the difference between the walking distances
of the two groups was not statistically significant at 48 hours
post-operation; this may be due to ward management
affecting the distance time after the surgery. After the
operation, a drainage tube was in place for 24-48 hours
to drain blood from the knee, and it was only after the
drainage tube was pulled out that the patient was allowed
to participate in out-of-bed activity; this policy thus directly
affected walking distance within the first 48 hours. A pre-
vious study revealed that some patients undergoing IPACK
combined with an adductor canal block can undertake out-
of-bed activity immediately after outpatient surgery and
can be discharged within 1-2 days.’ Therefore, in follow-up
studies, we will also observe whether patients can undergo
out-of-bed activity immediately after the operation (with-
out drainage).

The modified Bromage score is an observation index that
is mainly used to evaluate the degree of overall motor
block following limb surgery. In the present study, the post-
operation modified Bromage score was significantly lower in
the | group than in the FS group, indicating a significantly
lower degree of motor block in the affected limbs in the |
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group than in the FS group. This finding demonstrates that
IPACK combined with adductor canal block had little impact
on the muscle strength of the lower limbs after the operation
and in early functional exercises.

In the present study, the incidence of foot drop was
also significantly lower in the | group than in the FS group;
this finding was consistent with the modified Bromage score
findings and reveals that the IPACK block can significantly
reduce foot drop caused by a sciatic nerve block. How-
ever, temporary foot drops still occurred in two patients in
the | group. Through analysis, we consider that these cases
may have been due to infiltration of the common peroneal
nerve caused by the drug diffusion. This is consistent with
results reported by Niesen et al.,”’ who revealed through
fresh corpse autopsy that common peroneal nerve infiltra-
tion occurred in two patients, and tibial nerve infiltration
occurred in one patient, when IPACK blocked the drug dif-
fusion. These results reveal that, although an IPACK block
can help to avoid foot drop caused by a sciatic nerve block,
an incorrect injection location also carries a risk of causing
temporary foot drop. Further clinical trials are needed to
determine the best site for administering the IPACK block,
as well as the optimal concentration and volume of lig-
uid medicine to ensure the effectiveness and safety of this
method.

Conclusions

The present study revealed that IPACK combined with an
adductor canal block for analgesia after TKA has little
impact on postoperative muscle strength, can result in
early out-of-bed activity and rehabilitation exercises, is con-
ducive to early self-controlled functional recovery of the
knee joint, accelerates the rehabilitation process, and has
a superior analgesic effect to the traditional femoral nerve
block combined with superior popliteal sciatic nerve block.
This treatment approach conforms to the ERAS model.
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