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added to the adductor canal blocks

versus the adductor canal blocks in the pain
management after total knee arthroplasty:
a systematic review and meta-analysis
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Abstract

Background: Several studies have suggested that the addition of iPACK block (the popliteal artery and the posterior
knee capsule have been given interspace local anesthetic infiltration) might get better analgesia than adductor canal
block (ACB) only after total knee arthroplasty (TKA). This paper compiles all available evidence on the effect of two
analgesia regimens (ACB and iPACK+ ACB) involving all sides.

Methods: We searched in eight major databases for all clinical trials discussing the effect of two analgesia regimens
after TKA. Statistical analyses were conducted by Stata and RevMan Software. In addition, we performed GOSH analy-
sis, subgroup analysis, meta-regression analysis to study the source of heterogeneity. Publication bias was checked
using Egger’s test. Trim-and-fill analysis was applied in terms of sensitivity analysis of the results.

Results: There are fourteen eligible studies for our meta-analysis. There are significant differences between the two
groups in VAS score at rest and with activity, and the VAS scores were lower in the ACB 4+ iPACK Group (VAS scores

at rest: 95%Cl [— 0.96, — 0.53], P<0.00001. VAS scores with activity: 95%Cl [— 0.79, — 0.43], P<0.00001). A differential
was discovered to support the ACB+iPACK Group when comparing the two groups on postoperative cumulative
morphine consumption (95%Cl: [—0.52, —0.14], P- 0.0007). The patients in the group of ACB +iPACK performed better
in the postoperative range of knee movement (95%Cl: [5.18, 10.21], P<0.00001) and walking distance (95%Cl: [0.15,
0.41], P<0.00001). There were significant differences between the patients in the ACB + iPACK Group and ACB Group
on the TUG test of POD1 and POD2. We found that patients hospital stays in the ACB + iPACK Group were significantly
shorter than in the ACB Group (95%Cl: [—0.78, — 0.16], P: 0.003). No difference was found between the patients in the
ACB +iPACK Group and ACB Group on postoperative quadriceps muscle strength and the incidence of PONV.
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Conclusion: The addition of iPACK lowers postoperative VAS scores, cumulative morphine consumption, and hospi-
tal stays. Meanwhile, the addition of iPACK improves postoperative patients'activity performance without extra side
effects. iPACK combined with ACB proves to be a suitable pain management technique after TKA.

Keywords: iPACK block, Adductor canal block, Total knee arthroplasty, Meta-analysis, GOSH analysis, Meta-regression

Introduction

Total knee arthroplasty (TKA) refers to a viable treat-
ment asymptomatic osteoarthritis of the knee refractory
to conservative measures. According to the estimated
project by the year 2030, 3.48 million TKAs will have
been conducted on a yearly basis [1]. However, relieving
postoperative pains, following total knee arthroplasty is
of vitally important to the postoperative recovery of the
patients.

Currently, ultrasound-guided adductor canal blocks
(ACBs) perform an adjunct with multimodal pain pro-
tocol on the patients with TKA effectively minimize
postoperative pain and narcotic consumption [2]. Adduc-
tor canal block (ACB) is ever contributing an approach
to femoral nerve block after TKA. ACB is usually con-
ducted under ultrasound machines and local anesthetic
is injected nearby the saphenous nerve in the adductor
canal [3, 4]. However, ACB cannot lead to a relieved pos-
terior knee pain [5, 6]. The recent ultrasound technique
instructed local anesthetic infiltration of the interspace
between the popliteal artery and the posterior knee cap-
sule (iPACK block) has offered dramatic posterior knee
analgesia. Accordingly, a number of clinic doctors chose
to make additional iPACK block to ACB to control post-
operative pain. The ultrasound transducer is laid for
identifying the femoral condyle. After identifying the
popliteal artery, the tip of needle is placed at the right
middle part in the bone and the popliteal artery. Local
anesthetic is injected at that spot [7]. But it is controver-
sial that whether iPACK block should add to the analge-
sia regimen (ACB included) in the patients after TKA.

This research aims at a systematical review over the lit-
erature for ascertaining if iPACK block is able to take in
extra analgesic advantage for present multimodal anal-
gesia regimens after TKA. We compiled all available evi-
dence on the effect of these two analgesia regimens (ACB
and iPACK+ ACB) involving postoperative pain score,
postoperative muscle strength, postoperative rehabilita-
tion training, and perioperative adverse effects.

Methods

Inclusion and exclusion criteria

This research provides a system-based review based
meta-analysis oriented with randomized controlled tri-
als (RCTs) for comparing the effects which two analgesia
regimens (ACB and iPACK+ ACB) can exert after TKA.

The published contents abide by the PRISMA Statement
[8].

The PICO framework formulated the review ques-
tion. The research illustrated the discussion on (Popu-
lation) adult patients who had TKA (Intervention vs.
Comparator) in combination to the analgesia regimen
iPACK+ ACB versus with the analgesia regimen ACB
and measure (Outcome) postoperative pain score, post-
operative muscle strength, postoperative adverse effect
and postoperative rehabilitation training.

Our primary outcomes include postoperative pain
score at 8-h phase, 12-h phase, 24-h phase, 48-h phase
and discharge (at rest and with activity), postopera-
tive morphine consumption, postoperative quadriceps
strength, postoperative range of knee movement (ROM),
postoperative walk distance, Timed Up and Go (TUG)
test, hospital stays, and the incidence of postoperative
nausea and vomiting (PONV).

We used the visual analog scale (VAS) for the pain
score. For postoperative morphine consumption, we col-
lected postoperative consumption (mg) of each study on
the first and second day after surgery and the total con-
sumption. The hospital stays were calculated in hours.
The postoperative walking distance was in meters, and
the walking distance of postoperative on the first day, the
second day, and accumulated in each study was collected.
The incidence of PONV was based on the occurrence of
nausea or vomiting symptoms. Our study separately col-
lected the postoperative ROM on the first, second, and
third day after the surgery. The postoperative ROM is
based on the range of the extension and flexion of the
knee. Similarly, our study collected the results of TUG
tests of patients on the first day after the surgery, the sec-
ond day after the surgery, and at discharge. The TUG test
measures the time it takes a patient to rise from a chair,
walk 3 m, and return to the same chair without physical
assistance [9]. Our study collected patients’ quadriceps
muscle strength in each study on the first day and the
second day after the surgery. And manual muscle testing
scores assessed quadriceps strength, and the grading was
recorded from 0 to 5 [10].

Search, selection, and data extraction

Our group investigated electronic databases, which con-
tained the English database (PubMed, Embase, Cochrane
Library, Web of Science, ClinicalTrials.gov) and the
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Chinese database (CNKI, WanFang Data, CQVIP). The
following terms were used to search for relevant records:
“IPACK, “iPACK block,” “iPACK nerve block,” “adduc-
tor canal block,” “perioperative adductor canal block,
“adductor canal blockade,” “ACB,” “total knee replace-

ment (TKA)” “Arthroplasties, Replacement, Knee,
“Arthroplasty, Knee Replacement,” “Knee Replacement
Arthroplasties, “Knee Replacement Arthroplasty,

” o«

“Replacement Arthroplasties, Knee,” “Knee Arthroplasty,
Total,” “Arthroplasty, Total Knee,” “Total Knee Arthro-
plasty, “Replacement, Total Knee,” “Total Knee Replace-
ment,” “Knee Replacement, Total,” “Knee Arthroplasty,’
“Arthroplasty, Knee, “Arthroplasties, Knee Replace-
ment,” “Replacement Arthroplasty, Knee,” “Arthroplasty,
Replacement, Partial Knee,” “Unicompartmental Knee
Arthroplasty,” “Arthroplasty, Unicompartmental Knee,’
“Knee Arthroplasty, Unicompartmental,” “Unicondylar
Knee Arthroplasty, “Arthroplasty, Unicondylar Knee,
“Knee Arthroplasty, Unicondylar,” “Partial Knee Arthro-
plasty, “Arthroplasty, Partial Knee, “Knee Arthro-
plasty, Partial,” “Unicondylar Knee Replacement,” “Knee
Replacement, Unicondylar, “Partial Knee Replacement,’
“Knee Replacement, Partial” “Unicompartmental Knee
Replacement,” “Knee Replacement, Unicompartmental”
We used the Boolean operator “OR” or “And” to connect
these terms. Two experts used unified Microsoft Excel to
collate the data independently. In case of inconsistencies,

it was decided by the third expert.

Risk of bias (RoB) assessment

Coupled with crucial points in methodology (PH, GV, IP,
and IT), the Cochrane Risk of Bias Tool was employed for
rating the Risk of Bias [11]. The results of the RoB estima-
tion were combined with findings illustrations, instead
of integrating into statistical analysis. When a consen-
sus was reached, disparities from the estimation were
addressed.

Quality of evidence
Such approaches as Grading of Recommendations,
Assessment, Development and Evaluation (GRADE)
were employed for rating the quality featured by evidence
on every outcome.

Statistical analysis
In virtue of RevMan and Stata Software, the statisti-
cal analysis was committed by an expertised statistician.
Besides, evaluation was made on the pooled relative risks
(RRs) based on 95% confidence intervals (CIs) over the
total preliminary outcomes.

Statistical analyses were merely conducted on the con-
dition of the availability least-wise two RCTs in each
group. Because the research setting cannot make an
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exact match, a random effect model was implemented
based on the DerSimonian—Laird estimation (11). /> and
chi? tests, employed for qualifying statistical heterogene-
ity, aimed at P-values individually; P<0.1 marked a dra-
matic heterogeneity [12]. When the heterogeneity was
significant (I?>65%), we performed GOSH analysis and
subgroup analysis to study the source of heterogeneity. In
addition, publication bias was checked using Egger’s test.
Trim-and-fill analysis was applied in terms of sensitivity
analysis of the results.

Results

Identifications and characteristics of the researches

Figure 1 manifests the flowchart included in the meta-
analysis of our group and elimination reasons. Finally,
14 studies were contained in the meta-analysis [13-26].
Besides, the study was featured by the summarization in
Table 1. Tablel shows that these 14 clinical trial designs
have many discrepancies: 1. Some experiments used gen-
eral anesthesia [11, 13, 14, 16, 18, 20, 21, 24], while oth-
ers adopted spinal anesthesia [12, 15, 17, 19, 22, 23]. 2.
Some researchers performed nerve blocks before the sur-
gery [11-16, 18, 20-22], while others performed nerve
blocks after the surgery [15, 19, 23, 24]. 3. Some clinical
trials used multimodal analgesia and placed postopera-
tive analgesia pumps [12-14, 18, 21, 22], while others did
not use it.

RoB, publication bias, and sensitivity analysis

Despite the scarcity of selective reporting, some aspects
could not suit the criteria of low RoB, including random
sequence generation, hidden allocation, blinding in addi-
tion to selective reporting. Three fourteenths of these
researches were regarded as highly risky items. The sum-
marization of RoB includes RCTs in Fig. 2. We performed
statistical analyses, publication bias checking, and sensi-
tivity analysis of all results. The results of the heteroge-
neity test, publication bias, and trim-and-fill analysis are
summarized in Table 2.

ACB +iPACK versus ACB: VAS scores

Figure 3 shows the VAS scores at different postopera-
tive phases (8 h, 12 h, 24 h, 48 h, and at discharge) in the
two groups. There are significant differences between the
two groups in VAS scores at rest and with activity. VAS
scores at rest: SMD = —0.75, 95%CI [—0.96, —0.53], I%
94%, P <0.00001. VAS scores with activity: SMD =—0.61,
95%CI [—0.79, —0.43], I’: 76%, P<0.00001. Both find-
ings are obviously in favor of the group of ACB+iPACK.
When we divided them into subgroups according to dif-
ferent phrases, there was an apparent difference between
the two groups at 8 h, 12 h, 24 h, and 48 h after the
surgery. However, there was no significant difference
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between the two groups in comparing VAS at discharge
(Fig. 3). Table 2 shows some extent of publication bias on
the results of VAS score at rest at 12 h and 48 h and VAS
score with activity at 48 h. Sensitivity analysis was also
conducted by trim-and-fill analysis, and all results are
unchangeable. This analysis confirmed the stability of the
results (Table 2).

Due to the significant heterogeneity of the results,
we performed subgroup analysis, meta-regression, and
GOSH analysis based on the 24-h VAS score at rest. The
GOSH analysis showed that no matter which literature
was excluded, the heterogeneity did not change signifi-
cantly, and the overall effect did not change significantly
before and after exclusion (Fig. 4). It shows that although
the heterogeneity is significant, the results are stable.

At the same time, we divided the subgroups accord-
ing to different aspects of the study design (Anesthesia
Style/Nerve blocking Timing/Assisted Analgesia Mode/
Area/Patients’ Age). Figure 5 shows the results of sub-
group meta-analysis and meta-regression. When we
did a subgroup meta-analysis, we found that these fac-
tors affect the analysis results to a certain extent. There
are more obvious differences between the two groups in
those studies on general anesthesia, nerve block before
the operation, postoperative analgesia pump, patients
older than 65 years old, and studies in Asia (Fig. 5). How-
ever, the meta-regression results show that the patients’

age is the primary source of significant heterogeneity
(P=0.042).

ACB + iPACK versus ACB: postoperative cumulative morphine
consumption

Among 14 included studies, 5 studies reported on cumu-
lative morphine consumption (Fig. 6). These studies
evaluated the mean difference in postoperative cumula-
tive morphine consumption in 219 patients under the
treatment of ACB + iPACK versus 220 patients under the
treatment of ACB. A differential was discovered to sup-
port ACB+iPACK Group (SMD: —0.33, 95%CI: [—0.52,
—0.14], P: 0.0007, 1% 0%,).

ACB + iPACK versus ACB: postoperative range of knee
movement (ROM)

We included seven studies in the meta-analysis on
the postoperative range of knee movement. Figure 7
shows an obvious difference between the two groups
based on 1284 patients, which was obviously in favor of
the group of ACB+iPACK (SMD: 7.69, 95%CI: [5.18,
10.21], P<0.00001, *:86%). At the same time, these
studies are dissected into three subgroups by the differ-
ential time points after the surgery. There were statisti-
cally significant differences between the patients in the
ACB+iPACK Group and ACB Group on ROM of POD1,
POD2, and POD3 (Fig. 7).
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Chutikant 2020

DongHai Li 2020

Jason Ochroch 2020

~ | @ | @ | @ | Biinding of participants and personnel (performance bias)
~ | @ | @ | @ | Blinding of outcome assessment (detection bias)

Ling Hu 2020

Li Shen 2019

Matthew E. Patterson 2020

~ @ @~ |®| @ | @ |Alocation concealment (selection bias)

Min Li 2019

Ping Mou 2021

QiuRu Wang 2020

R. Tak 2020

S.R.Sankineani 2018

~ 00 e e
>~ 90O 0 e e e:

N
~ 0SS e e e -
OO OO OO O® O®O® O® ® O |ncomplete outcome data (attrition bias)

Tayfun Et 2022

XingFeng Zhou 2020

. . . . . . . . . . . -~ . . Selective reporting (reporting bias)

. . . . . . . ’ ‘ . . . . . Random sequence generation (selection bias)
DO OO OO O OO O O G @ 0terbis

YuQuan Li 2020 ?2 (2|2

Fig. 2 Risk of bias table:"+": low risk of bias; “?": unclear risk of bias;
and”—": high risk of bias

ACB +iPACK versus ACB: TUG test

There is an obvious difference between the two groups
based on 832 patients (Fig. 8). The finding was obvi-
ously in favor of the group of ACB+iPACK (SMD:
—3.63, 95%CL: [—5.74, — 1.52], P: 0.0008, I =43%). At
the same time, these studies are dissected into three
subgroups under the differential time points after the
surgery. Four studies evaluated TUG one day after
the surgery (Fig. 8). A differential was discovered to
support ACB+iPACK Group (SMD: —3.32, 95%CI:
[—5.57, —1.06], P: 0.004, I*: 18%). Three explorations
evaluated TUG on two days after the surgery (Fig. 8).
There was a significant difference favoring the group of
ACB +iPACK (SMD: — 6.47, 95% CL [— 12.02, —0.96],
P: 0.02, I*: 58%,). The two groups presented no differ-
ence at discharge, according to two studies. (SMD:
—0.88, 95%CI: [— 4.20, 2.45], P: 0.61, I*: 0%) (Fig. 8).
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ACB + iPACK versus ACB: postoperative walk distance

We included six studies in the meta-analysis on postop-
erative walk distance (Fig. 9). There is an obvious differ-
ence between the two groups based on 992 patients. The
finding favors the group of ACB+iPACK (SMD: 0.28,
95%CI: [0.15, 0.41], P<0.00001, I*: 2%) (Fig. 9). These
studies are divided into three subgroups (one day/two
days/cumulative walk distance after the surgery). Five
studies evaluated the mean difference one day after sur-
gery (Fig. 9). An obvious differential was found in favor
of ACB+iPACK Group (SMD: 0.23 95%CI: [0.04, 0.41],
P: 0.02, I%: 0%). Four studies assessed the mean differ-
ence on POD2, and no difference was found (SMD: 0.21
95%CI: [—0.01, 0.43], P: 0.06, I*: 0%) (Fig. 9). Two stud-
ies assessed the mean difference in cumulative walk dis-
tance, and an apparent differential was found favoring
the ACB+iPACK Group (SMD: 0.48, 95% CI: [0.15,
0.82], P: 0.004, I*=38%) (Fig. 9).

ACB + iPACK versus ACB: postoperative quadriceps muscle
strength

We included four studies in the meta-analysis on
postoperative quadriceps muscle strength (Fig. 10).
No difference was found between the patients in
ACB+iPACK Group and ACB Group, based on 640
patients (SMD: — 0.07, 95%CI: [—0.17, 0.02], P: 0.13, I*:
0%). These researches are divided into two subgroups,
and no obvious difference could be seen between the
two groups in the subgroup meta-analysis.

ACB + iPACK versus ACB: hospital stays and the incidence of
PONV

Among these 14 studies, six studies research patients’
hospital stays (Fig. 11). There is an apparent difference
between the two groups based on 444 patients sup-
porting the ACB + iPACK Group (SMD: —0.47, 95%CI:
[—0.78, —0.16], P: 0.003, I%: 62%). There is no difference
between the patients in ACB + iPACK Group and ACB
Group on the incidence of PONV (OR: 0.62, 95%CI:
[0.35, 1.09], P: 0.1, I*: 0%) (Fig. 12).

Discussion

The research expounds on the all-sides meta-analysis
involving all clinical trials to investigate whether iPACK
block added to ACB could improve analgesia outcomes
after TKA. Despite that, a meta-analysis investigated
the same question before [27]. However, it did not cover
all clinical trials, and there are many other aspects this
literature did not involve, which has left some questions
open on these aspects. Furthermore, several different
findings were found in our study. In our meta-analysis,
the critical finding is that the addition of iPACK did
reduce postoperative VAS scores no matter whether
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iPACK+ACB AcB

1.3.1 VAS Score at 8h Post-op

Donghai Li 2020 382 13 50 456 107 50
LiShen 2019 28 11 30 39 17 %0
Ping Mou 2021 3 085 40 343 059 40
Qiuru Wang 2020 322 077 40 447 087 40

RTak 2020 3732 0486 56 5414 0531 58
SRSankineani 2018 14333 06474 60 29167 06455 60
Xingfeng Zhou 2020 281 066 30 392 107 30

Subtotal (95% CI)
Heterogeneity: Tau
Test for overalleffect:

=56.88, df = 6 (P < 0.00001); I = 89%
5.53 (P <0.00001)

1.3.2 VAS Score at 12h Post-op

Donghai Li 2020 396 131 50 488 09 50
Ling Hu 2020 19 09 40 38 07 40
LiShen 2019 29 130 39 16 30
Ochroch 2020 43 27 80 53 28 60
Ping Mou 2021 338 095 40 343 075 40
Qiury Wang 2020 375 083 40 473 082 40
Xingfeng Zhou 2020 293 069 30 395 114 30
Yuquan Li 2020 383 057 28 498 086 32

Subtotal (95% CI)
Heterogeneity: Tau? = 0.31; Chi* = 50.24, df = 7 (P < 0.00001); I* = 86%
Test for overalleffect: Z = 4.59 (P < 0.00001)

1.3.3 VAS Score at 24h Post-op

Donghai Li 2020 374 131 50 3% 077 50
Ling Hu 2020 27 07 40 29 09 40
LiShen 2019 26 13 30 37 14 %
Ping Mou 2021 358 078 40 36 074 40
Qiuru Wang 2020 332 097 40 435 092 40
RTak 2020 3286 0803 56 3241 084 58
SRSankineani 2018 205 04323 60 3.1833 072467 60
Xingfeng Zhou 2020 26 058 30 372 094 30
Yuguan Li 2020 417 06 28 461 087 32

Subtotal (95% C1)
Heterogeneity: Tau*
Testfor overall effect

27, Chi? = 74.97, df = 8 (P < 0.00001); = 89%
3.04 (P=0.002)

1.3.4 VAS Score at 48h Post-op

Donghai Li 2020 29 102 50 315 054 50
Ling Hu 2020 18 11 30 31 09 30
LiShen 2019 23 06 40 28 08 40
Ochroch 2020 42 29 60 52 25 60
Ping Mou 2021 275 059 40 28 089 40
Qiuru Wang 2020 282 064 40 345 077 40
RTak 2020 2018 0233 56 1931 0454 58
SRSankineani 2018 255 07274 60 345 06746 60
Xingfeng Zhou 2020 181 037 30 311 071 30
Yuquan Li 2020 307 053 28 391 072 32
Subtotal (95% CI) 440

Heterogeneity: Tau* = 0.26; Chi* = 132.62, df = 9 (P < 0.00001); = 93%
Testfor overall effect: Z = 3.40 (P = 0.0007)

1.3.5 VAS Score at discharge

Donghai Li 2020 218 06 50 226 049 50
Ping Mou 2021 22 099 40 235 07 40
Subtotal (95% CI) 90 %0

Heterogeneity: Tau? = 0.00; Chi* = 0.10, df = 1 (P = 0.75); I = 0%
Test for overalleffect: Z = 1.02 (P = 0.31)

Total (95% C1) 1522 1540
Heterogeneity: Tau? = 0.38; Ch = 540.36, df = 35 (P < 0.00001); F = 94%
Test for overall effect: Z = 6.7 (P < 0.00001)

Testfor subgroup differences: Ch = 31.79, df = 4 (P < 0.00001), I = 87.4%

28%
29%
24%
1.9%
2.8%
28%
27%
2.9%

211%

3.0%
28%
5.9%

100.0%

Mean Difference

074121

66]
.08 [1.47,-0.70]

092136, -0.48]
190 [2.25,
1,00 [-1.68, -0.32]
-1.00[-1.98, -0.02]
-0.05(-0.43, 0.33)
60]

.00 [-1.43, -0.58]

0.20(0.62,022)
0.20 (0.5, 0.15)
110 [-1.78, -0.42]
0.02[0.35,0.31)

44,06

0.04 026, 0.35]
143 [1.35,-0.92]
A12[1.52,-0.72)
-0.44 10,83, -0.05]
-0.56 [-0.93, -0.20]

0.25[0.57,007]
130 [-1.81, 0.7
050 (081
.00 [-1.97,
0.05 0.3, 0.23]
0.33[-0.64,-0.02]
0.09[0.04,0.22]
-0.90 .15, -0.65]
130159, -1.01]
-0.84[1.16,-0.52]
0.61[-0.96, -0.26]

-0.08(0.29,0.13)
0.15[:0.53,0.23]
-0.10 [-0.28, 0.09]

0.75[-0.96, -0.53]

Mean Difference

-

2 -1 1
Favours [IPACK +ACB] Favours [ACB]

IPACK+ACB acs

r Mean SD T n_SD T
1.4.1 VAS at 8h Post-op
Donghai Li 2020 502 084 50 568 079 50 49%
Li Shen 2019 41 13 30 5 12 30  33%
Ping Mou 2021 353 082 40 45 064 40 49%
Xingleng Zhou2020 412 147 30 504 127 30  34%
Subtotal (95% CI) 150 150 16.4%
Heterogeneity: Tau? = 0.00; Chi* = 1.94, df =3 (P = 0.59); I = 0%
Test for overall effect: Z = 8.09 (P < 0.00001)

1.4.2 VAS Score at 12h Post-op
Donghai Li 2020 523 098 50 552 086 50 47%
Ling Hu 2020 43 14 30 53 15 30 29%

Li Shen 2019 28 09 40 39 07 40 47%
Ping Mou 2021 443 075 40 46 067 40 49%
Qiuru Wang 2020 492 063 40 585 102 40 46%

Xingfeng Zhou2020 434 123 30 536 135 30 32%
Subtotal (95% CI) 230 230
Heterogeneity: Tau? = 0.16; Chi = 23.41, df = 5 (P = 0.0003); I = 79%
Test for overall effect: Z = 3.7 (P = 0.0002)

1.43 VAS Score at 24h Post-op

Donghai Li 2020 478 102 50 496 078 50 47%
Ling Hu 2020 42 12 30 53 16 30 30%
Li Shen 2019 33 09 40 34 09 40 45%
Ping Mou 2021 463 093 40 46 081 40 46%
Qiuru Wang 2020 46 123 40 568 1 40 4.0%

Xingfeng Zhou 2020 30 33%
Subtotal (95% CI) 230 24.0%
Heterogeneity: Tau? = 0.21; Chi* = 24.00, df = 5 (P = 0.0002); I* = 79%
Test for overall effect: Z = 2.49 (P = 0.01)

421 119 30 53 133
230

1.4.4 VAS Score at 48h Post-op

Donghai Li 2020 392 11 50 414 094 50 45%
Ling Hu 2020 29 15 30 41 13 30 30%
Li Shen 2019 31 08 40 34 07 40 48%

Ping Mou 2021 375 098 40 38 114 40 41%
Qiuru Wang 2020 375 098 40 465 066 40 46%
Xingfeng Zhou2020 29 07 30 412 118 30 4.0%
Subtotal (95% CI) 230 230 25.0%

Heterogeneity: Tau? = 0.17; Chi = 23.12, df = 5 (P = 0.0003); I* = 78%
Test for overall effect: Z = 3.14 (P = 0.002)

1.4.5 VAS Score at discharge
Donghai Li 2020 308 075 50 322 055 50 52%
Ping Mou 2021 293 112 40 31 074 40 44%
Subtotal (95% Cl) 90 90 9.5%
Heterogeneity: Tau? = 0.00; Chi = 0.01, df = 1 (P = 0.90); I = 0%

Test for overall effect 33 (P=0.18)

1.4.6 VAS Score at discharge
Subtotal (95% CI) 0 0
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% CI) 930 930 100.0%
Heterogeneity: Tau® = 0.14; Chi* = 97.21, df = 23 (P < 0.00001); I = 76%
Test for overall effect 77 (P <0.00001)

Test for subgroup differences: Chi* = 21.38, df = 4 (P = 0.0003), I = 81.3%

R
110 [1.45, -0.75]
017 [0.48,0.14] —r
-0.93 [1.3 -
1.02[1.6
0.72 [-1.09, -

-0.18 [-0.54, 0.18]
110 [-1.82,-0.38]

-0.10[-049, 0.29]
0.03-0.35,0.41]

022062, 0.18]
120 [-1.91,-0.49]

-0.30 -0.63, 0.03]
-0.05 [0.52, 0.42]
0.90-1.27,-0.53
1.22[-1.71,-0.73]
-0.61[-1.00, -0.23]

-0.14 [0.40, 0.12] —
-0.17 [-0.59, 0.25]
-0.15 [-0.37, 0.07] R i

Not estimable

0.61[0.79, -0.43] L

2 -1 1
Favours iPACK+ACB] Favours [ACB]

Fig. 3 Forest plot of the postoperative VAS score at rest and with activity (Cl: confidence interval; ACB: ultrasound-guided adductor canal blocks;
and iPACK: ultrasound-guided local anesthetic infiltration of the interspace between popliteal artery and the capsule of posterior knee)
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Fig. 4 GOSH analysis based on the 24-h VAS scores at rest (a: the heterogeneity and overall effect before exclusion; b: the heterogeneity and overall
effect after excluding the study of Ping Mou [26], Sankineani [21], and Tak [19]; c: the heterogeneity and overall effect after excluding the study of
Ping Mou [26]; d: the heterogeneity and overall effect after excluding the study of Sankineani [21]; and e: the heterogeneity and overall effect after
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Subgroup Meta Analysis Meta-regression
Subgroup No. of patients Mean Difference 95% CI P tau2 R2(%) P

Overall 758 —— -0.56  [-0.93, -0.20] 0.002

Anesthesia Style 0.456 -11.51 0.618
General Anesthesia 520 —— -056  [-0.91, -0.21] 0.002

Spinal Anesthesia 234 * 055 [-1.70, 0.61] 0.35

Nerve Blocking Timing 0.441 -14.49 0.676
Pre-op block 440 —— -0.66 [-1.02, -0.29] 0.0004

Post-op block 200 - -0.58 [-1.68, 0.51] 0.29

Assisted Analgesia Mode 0.468 -14.56 0.793
with analgesic pump 260 L -0.68  [-1.15, -0.21] 0.005

without analgesic pump 494 —_— -047  [-1.03, 0.09] 0.1

Area 0.456 -11.51 0.618
Asian 520 —— -0.59  [-0.96, -0.23] 0.001

Euramerican 234 * =091~ [-2.82, 0.99] 0.35

Age 0.231 50.7 0.042
Age>65 years old 454 - -0.28 [-0.65, 0.09] 0.14

Age <65 years old 240 ¢ -1.29  [-2.09, -0.50] 0.001

3 -2.5 2 -15 1 -0.5 0 0.5 1

Post-op: postoperative)

Fig. 5 Subgroup meta-analysis and meta-regression analysis based on the 24-h VAS scores at rest (Cl: confidence interval; Pre-op: preoperative; and

Test for overall effect: Z = 3.39 (P = 0.0007)

iPACK+ACB ACB Std. Mean Difference Std. Mean Difference
_ Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Chutikant 2020 0.7 14 33 1.4 1.9 32 14.7% -0.42 [-0.91, 0.08] B
Donghai Li 2020 15.4 14.03 50 21 12.16 50 22.7% -0.42[-0.82, -0.03] [
Ping Mou 2021 96 23.5 40 979 278 40 18.5% -0.07 [-0.51, 0.37] - T
Qiuru Wang 2020 12.25 9.94 40 18.38 11.95 40 17.8% -0.55 [-1.00, -0.11] -
R.Tak 2020 3211 5.649 56 33.52 7.052 58 26.3% -0.22 [-0.59, 0.15] - 1
Total (95% CI) 219 220 100.0% -0.33 [-0.52, -0.14] 0
Heterogeneity: Tau? = 0.00; Chi? = 2.95, df = 4 (P = 0.57); I = 0% 1 _0"5 0 of 5 1

Fig. 6 Forest plot of postoperative cumulative morphine consumption (Cl: confidence interval; ACB: ultrasound-guided adductor canal blocks; and
iPACK: ultrasound-guided local anesthetic infiltration of the interspace between popliteal artery and the capsule of posterior knee)

Favours [IPACK+ACB] Favours [ACB]

the patients were at rest or with activity. Furthermore,
the supplement of iPACK could reduce postoperative
cumulative morphine consumption. In all, we con-
sider that the addition of iPACK can effectively reduce
patients’ postoperative pain and reduce the use of post-
operative morphine consumption.

ACB, which offers analgesia to the peripatellar and
intra-articular aspects of the knee joint, cannot reduce
posterior knee pains. As a novel technique, iPACK block
mainly targets terminal branches of the sciatic nerve in
the knee joint’s posterior capsule [28]. The point of injec-
tion is located in the position of the distal popliteal fossa
at the level of the femoral condyle, in which the popliteal
plexus is formed previous to the entry to the knee joint’s
back [29, 30]. On the plane, the common peroneal nerve,
which extends outward from the surface of the poste-
rior capsule, makes an entire separation out of the tibial
nerve. In addition, the functions made by the tibial nerve
motor have already been primarily preserved as well [31,
32]. These studies are consistent with our results.

According to our results, the addition of iPACK did
improve the activity performance in some aspects. The
addition of iPACK increases the patients’ cumulative
walk distance after the surgery and shorter the hospital

stays of patients. Besides, the patients in the group of
iPACK+ ACB performed better in the TUG test and
postoperative ROM. However, the two groups took on no
difference in postoperative quadriceps muscle strength.

Postoperative ROM is a vital outcome evaluation index
after TKA and reflects the related muscle strength of the
knee [33]. TUG test and the postoperative walking dis-
tance directly reflect the mobility of lower limbs [34]. The
patients in the group of iPACK+ ACB performed bet-
ter in these three aspects, indicating that the addition of
iPACK can improve the activity performance of patients.
The motor nerve of the quadriceps muscles is mainly the
femoral nerve, and the iPACK block is mainly aimed at
the terminal branch of the sciatic nerve in the posterior
capsule of the knee joint. Thus, the addition of iPACK
block does not affect the movement of the femoral nerve.
Edmund Chan did a narrative review through 35 articles
and mentioned that ACB and iPACK block would not
increase the nerve block of quadriceps muscles, which is
also consistent with our results [35].

Among our results, the heterogeneity of VAS score
meta-analysis is considered significant, and we found
this apparent heterogeneity does not originate from indi-
vidual studies through performing GOSH analysis. At the
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iPACK+ACB ACB Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight V. Random. 95% CI IV. Random, 95% CI
5.1.1 Postoperative ROM on POD1
Li Shen 2019 63.6 15.3 30 514 176 30 4.0%  12.20[3.85, 20.55]
Min Li 2019 63 6 30 52 5 30 6.6% 11.00[8.21, 13.79] -
Ping Mou 2021 86.9 7.6 40 794 5 40 6.6% 7.50 [4.68, 10.32] -
Qiuru Wang 2020 87.38 11.82 40 77.75 15.56 40  51% 9.63 [3.57, 15.69] -
Tayfun Et 2022 1121 7.6 35 110.3 71 35  6.3% 1.80 [-1.65, 5.25] I
Xlngfeng Zhou 2020 63.72 11.42 30 51.39 10.74 30 5.3% 12.33[6.72, 17.94] D
Subtotal (95% CI) 205 205 33.8% 8.60 [5.13, 12.07] -
Heterogeneity: Tau? = 12.97; Chi? = 20.51, df = 5 (P = 0.001); I = 76%
Test for overall effect: Z = 4.86 (P < 0.00001)
5.1.2 Postopertive ROM on POD2
Ling Hu 2020 82.8 10.2 30 699 119 30 53% 12.90([7.29, 18.51]
Li Shen 2019 77.2 6.8 40 627 5.4 40 6.6% 14.50[11.81,17.19] -
Min Li 2019 70 7 30 61 6 30 6.4% 9.00 [5.70, 12.30] -
Ping Mou 2021 100.1 8 40 102 8.2 40 6.3% -1.90 [-5.45, 1.65] -1
Qiuru Wang 2020 95.38 11.06 40 87.2 1213 40 55% 8.18 [3.09, 13.27] -
S.R.Sankineani 2018  71.8333 9.52 60 62.25 8.25 60 6.4% 9.58 [6.40, 12.77] -
Tayfun Et 2022 89.1 9.5 35 849 7.9 35  6.0% 4.20[0.11, 8.29]
Subtotal (95% CI) 275 275 42.5%  8.04[3.64,12.44] o
Heterogeneity: Tau? = 31.08; Chi? = 59.21, df = 6 (P < 0.00001); 1> = 90%
Test for overall effect: Z = 3.58 (P = 0.0003)
5.1.3 Postoperative ROM on POD3
Li Shen 2019 100.7 9.8 30 915 123 30 53% 9.20 [3.57, 14.83] -
Qiuru Wang 2020 103.13 10.72 40 98.87 9.57 40  59% 4.26 [-0.19, 8.71]
R.Tak 2020 92.32 8.526 56 92.41 6.3 58 6.6% -0.09 [-2.85, 2.67] -1
Tayfun Et 2022 96.6 6.9 35 86.7 11 35 59% 9.90 [5.60, 14.20] -
Subtotal (95% CI) 161 163  23.6% 5.56 [0.37, 10.76] e
Heterogeneity: Tau? = 23.21; Chi? = 18.93, df = 3 (P = 0.0003); I* = 84%
Test for overall effect: Z =2.10 (P = 0.04)
Total (95% ClI) 641 643 100.0% 7.69 [5.18, 10.21] >
Heterogeneity: Tau? = 22.99; Chi? = 115.12, df = 16 (P < 0.00001); I2 = 86% 20 i 1 o 0 1‘0 2‘0

Test for overall effect: Z = 5.99 (P < 0.00001)
Test for subgroup differences: Chiz = 0.93, df =2 (P = 0.63). I* = 0%

Fig. 7 Forest plot of postoperative range of knee movement (Cl: confidence interval; ACB: ultrasound-guided adductor canal blocks; and iPACK:
ultrasound-guided local anesthetic infiltration of the interspace between popliteal artery and the capsule of posterior knee)

Favours [ACB] Favours [[PACK+ACB]

same time, the GOSH analysis and sensitivity analysis
manifest that although the heterogeneity is significant,
the results are stable. That is, the addition of iPACK did
reduce postoperative VAS scores no matter whether the
patients were at rest or with activity. Meanwhile, the sub-
group analysis shows that anesthesia style, nerve block
timing, research area, patients’ age, and perioperative
analgesia strategy affect the heterogeneity of the results
to a certain extent. And meta-regression analysis shows
that the patients’ age is the main origin of the significant
heterogeneity. Besides, most results are stable and believ-
able through performing sensitivity analysis. So iPACK
block has a remarkable effect in relieving posterior knee
pain with neither postoperative functional recovery nor
adverse complications.

There are some limits in our study. In spite of several
publications, exploring protocols and outcomes are fea-
tured by discrepancies (e.g., perioperative analgesia
strategy), impeding statistical analysis and leading to
considerable heterogeneity.

Conclusion

In conclusion, the study shows that iPACK integrated
with ACB proves a hopefully bright technique that
can upgrade pain management during the immediate
postoperative period with no influence on motor activ-
ity. The addition of iPACK lowers postoperative VAS
scores, cumulative morphine consumption, and hospi-
tal stays. Meanwhile, the addition of iPACK improves
postoperative patients’ activity performance without
extra side effects.
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iPACK+ACB ACB Mean Difference Mean Difference

__Study or Subgroup _Mean [(s)] SD [(s)] Total Mean [(s)] SD [(s)] Total Weight IV. Random. 95% CI IV, Random, 95% ClI

6.1.1 TUG on POD1

Ochroch 2020 63.33  37.98 60 76 47.11 59 1.8% -12.67 [-28.06, 2.72] N

Ping Mou 2021 113.7 12.7 40 115.5 12.2 40  9.9% -1.80 [-7.26, 3.66] -1

R.Tak 2020 60.64 5.515 56 62.83 7.762 58 20.7% -2.19 [-4.66, 0.28] ]

Tayfun Et 2022 38 71 35 432 7.6 35 16.3% -5.20 [-8.65, -1.75] -

Subtotal (95% CI) 191 192 48.7%  -3.32[-5.57, -1.06] L 2

Heterogeneity: Tau? = 1.03; Chi? = 3.65, df = 3 (P = 0.30); I = 18%
Test for overall effect: Z = 2.89 (P = 0.004)

6.1.2 TUG on POD2

Ochroch 2020 4467  23.55 60 59.67 36.48 59  3.2% -15.00[-26.05, -3.95]

Ping Mou 2021 86.5 15.1 40 88.2 11.7 40 8.8% -1.70 [-7.62, 4.22] -1
Tayfun Et 2022 31 7.5 35 37.9 7.8 35 158% -6.90[-10.48, -3.32] -
Subtotal (95% CI) 135 134  27.8% -6.49[-12.02, -0.96] .

Heterogeneity: Tau? = 13.51; Chi? = 4.80, df = 2 (P = 0.09); I* = 58%
Test for overall effect: Z = 2.30 (P = 0.02)

6.1.3 TUG at discharge

Donghai Li 2020 3984 136 50 4052 1355 50 102%  -0.68[-6.00, 4.64] —
Ping Mou 2021 76.8 97 40 77.8 97 40 133%  -1.00 [-5.25, 3.25] —r
Subtotal (95% Cl) 90 90 23.5%  -0.88 [-4.20, 2.45] S 4

Heterogeneity: Tau? = 0.00; Chi?=0.01, df =1 (P = 0.93); I>= 0%
Test for overall effect: Z = 0.52 (P = 0.61)

Total (95% Cl) 416 416 100.0%  -3.63 [-5.74, -1.52] <

Heterogeneity: Tau? = 4.02; Chi? = 14.13, df = 8 (P = 0.08); I = 43%

Test for overall effect: Z = 3.37 (P = 0.0008)

Test for subgroup differences: Chi? = 3.18, df =2 (P = 0.20), 1= 37.1%
Fig. 8 Forest plot of TUG test (Cl: confidence interval; ACB: ultrasound-guided adductor canal blocks; and iPACK: ultrasound-guided local anesthetic
infiltration of the interspace between popliteal artery and the capsule of posterior knee)
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Favours [iPACK+ACB] Favours [ACB]

iPACK+ACB ACB Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV. Random, 95% CI
7.1.1 Walk distance on POD1
Donghai Li 2020 8.76 9.72 50 842 7.26 50 10.2% 0.04 [-0.35, 0.43] -
Min Li 2019 5.1 1.5 30 4.4 1.5 30 6.0% 0.46 [-0.05, 0.97] T
Ochroch 2020 30.68 29.63 60 26.92 34.74 59 12.1% 0.12[-0.24, 0.48] T
Ping Mou 2021 92 154 40 891 136 40 8.2% 0.20 [-0.24, 0.64] T
Qiuru Wang 2020 13.25 7.92 40 93 8.14 40 8.0% 0.49 [0.04, 0.93] DU
Subtotal (95% CI) 220 219  44.5% 0.23 [0.04, 0.41] L 2

Heterogeneity: Tau? = 0.00; Chi? = 3.37, df =4 (P = 0.50); I = 0%
Test for overall effect: Z = 2.35 (P = 0.02)

7.1.2 Walk distance on POD2

Donghai Li 2020 16.86 13.88 50 16.14 1375 50 10.2% 0.05 [-0.34, 0.44] -
Min Li 2019 86 22 30 735 24 30 6.0% 0.54 [0.02, 1.05] —
Ping Mou 2021 1794 234 40 1765 187 40 82% 0.14 [-0.30, 0.57] -
Qiuru Wang 2020 20 12.65 40 1645 1439 40 82% 0.26 [-0.18, 0.70] T
Subtotal (95% CI) 160 160  32.6% 0.21 [-0.01, 0.43] &

Heterogeneity: Tau? = 0.00; Chi? = 2.32, df =3 (P = 0.51); I?= 0%
Test for overall effect: Z = 1.90 (P = 0.06)

7.1.3 Postoperative walk distance

Ochroch 2020 1397 1563 60 955 11.58 59 11.9% 0.32[-0.04, 0.68] —
R.Tak 2020 1314 1901 56 11.78 2193 58 11.0% 0.66 [0.28, 1.03] —
Subtotal (95% CI) 116 17 23.0% 0.48 [0.15, 0.82] >

Heterogeneity: Tau? = 0.02; Chi? = 1.61, df = 1 (P = 0.20); I? = 38%
Test for overall effect: Z = 2.86 (P = 0.004)

Total (95% Cl) 496 496 100.0% 0.28 [0.15, 0.41] ¢
Heterogeneity: Tau? = 0.00; Chi? = 10.25, df = 10 (P = 0.42); I* = 2% 2 1 0 1 2
Test for overall effect: Z = 4.33 (P < 0.0001)

Favours [ACB] F s [IPACK+ACB
Test for subgroup differences: Chi = 2.05, df = 2 (P = 0.36). I*=2.3% vours 1 Favours [ ]

Fig. 9 Forest plot of postoperative walk distance (Cl: confidence interval; ACB: ultrasound-guided adductor canal blocks; and iPACK:
ultrasound-guided local anesthetic infiltration of the interspace between popliteal artery and the capsule of posterior knee)
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iPACK+ACB ACB Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV. Random, 95% CI
8.1.1 POD1
Donghai Li 2020 3.52 0.95 50 3.5 0.51 50 10.2% 0.02 [-0.28, 0.32] -
Li Shen 2019 35 05 30 3.7 06 30 11.7% -0.20 [-0.48, 0.08] I
Ping Mou 2021 35 06 40 35 06 40 13.2% 0.00 [-0.26, 0.26] I
Qiuru Wang 2020 3.75 0.59 40 3.98 0.62 40 13.0% -0.23 [-0.50, 0.04] - T
Subtotal (95% Cl) 160 160 48.2% -0.11 [-0.24, 0.03] @
Heterogeneity: Tau? = 0.00; Chi2 = 2.58, df = 3 (P = 0.46); 12 = 0%
Test for overall effect: Z=1.51 (P = 0.13)
8.1.2 POD2
Donghai Li 2020 4.3 0.81 50 448 0.5 50 13.1% -0.18 [-0.44, 0.08] -
Li Shen 2019 42 09 30 43 07 30 55% -0.10 [-0.51, 0.31] - 1
Ping Mou 2021 4 05 40 39 07 40 12.9% 0.10[-0.17, 0.37] -
Qiuru Wang 2020 4.62 0.49 40 4.65 048 40 20.3% -0.03 [-0.24, 0.18] - T
Subtotal (95% CI) 160 160 51.8% -0.04 [-0.18, 0.09] N2
Heterogeneity: Tau? = 0.00; Chi? = 2.23, df = 3 (P = 0.53); I? = 0%
Test for overall effect: Z =0.64 (P = 0.52)
Total (95% CI) 320 320 100.0% -0.07 [-0.17, 0.02] L
(TN 2 — . 2 = = = L2 = 0 t t t t
Heterogeneity: Tau? = 0.00; Chi2 = 5.23, df =7 (P = 0.63); I = 0% 4 05 0 05 1

Test for overall effect: Z=1.51 (P = 0.13)

Test for subgroup differences: Chi2 = 0.42, df =1 (P = 0.52), 12 = 0%
Fig. 10 Forest plot of postoperative quadriceps muscle strength (Cl: confidence interval; ACB: ultrasound-guided adductor canal blocks; and iPACK:
ultrasound-guided local anesthetic infiltration of the interspace between popliteal artery and the capsule of posterior knee)

Favours [ACB] Favours [IPACK+ACB]

Test for overall effect: Z = 2.94 (P = 0.003)

Fig. 11 Forest plot of hospital stays (Cl: confidence interval; ACB: ultrasound-guided adductor canal block
anesthetic infiltration of the interspace between popliteal artery and the capsule of posterior knee)

iPACK+ACB ACB Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random. 95% CI
Chutikant 2020 514 10.6 33 604 149 32 15.9% -0.69 [-1.19, -0.19] -
Donghai Li 2020 70.48 13.04 50 70.44 12.66 50 18.9% 0.00 [-0.39, 0.40] -1
Min Li 2019 148.8 28.8 30 163.2 264 30 15.5% -0.51[-1.03, 0.00] -
Patterson 2020 32.64 552 35 336 36 34 16.6% -0.20 [-0.68, 0.27] -1
Qiuru Wang 2020 69.45 6.18 40 731 1042 40 17.4% -0.42 [-0.87, 0.02] ]
Tayfun Et 2022 64.8 12 35 768 96 35 15.8% -1.09 [-1.60, -0.59] -
Total (95% Cl) 223 221 100.0%  -0.47 [0.78, -0.16] >
Heterogeneity: Tau? = 0.09; Chi? = 13.33, df = 5 (P = 0.02); I2 = 62% 2 1 5 1 2

Favours [IPACK+ACB] Favours [ACB]

s; and iPACK: ultrasound-guided local

iPACK+ACB ACB Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI

Donghai Li 2020 11 50 10 50 34.8% 1.13[0.43, 2.96] —

Ling Hu 2020 2 40 3 40  9.5% 0.65[0.10, 4.11] -

Li Shen 2019 2 30 9 30 12.1% 0.17 [0.03, 0.85]

Qiuru Wang 2020 7 40 10 40 27.4% 0.64 [0.22, 1.88] L

XIngfeng Zhou 2020 2 30 5 30 10.8% 0.36 [0.06, 2.01]

Yuquan Li 2020 1 28 2 32 54% 0.56 [0.05, 6.48]

Total (95% Cl) 218 222 100.0% 0.62 [0.35, 1.09] -

Total events 25 39 . . . .

Heterogeneity: Tau? = 0.00; Chi2 =4.39, df =5 (P = 0.49); 2= 0% ! T T !

Test fo?overzll effect: Z=1.67 (P =0.10) ( ) 0.02 0‘1A 1 10 50

Favours [iIPACK+ACB] Favours [ACB]

Fig. 12 Forest plot of the incidence of PONV (Cl: confidence interval; ACB: ultrasound-guided adductor canal blocks; and iPACK: ultrasound-guided
local anesthetic infiltration of the interspace between popliteal artery and the capsule of posterior knee)
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iPACK: The popliteal artery and the posterior knee capsule have been given
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knee movement.

Acknowledgements
Not applicable

Author contributions

NB contributed to the research conception and design; MH and GS contrib-
uted to data extraction; and JG and MH contributed to data analysis and
interpretation. Each author contributed important intellectual content during
manuscript drafting or revision and accepts personal accountability for the
overall work and agrees to ensure that questions pertaining to the accuracy
or integrity of any portion of the work are appropriately investigated and
resolved. All authors read and approved the final manuscript.

Data availability
All data included in this study are available upon request by contact with the
corresponding author.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Anesthesiology, Shaanxi Provincial People’s Hospital, No.
256 Youyi Xi Road, Xi'an, China. 2Department of Nursing, Shaanxi Provincial
People’s Hospital, Xi'an, China.

Received: 30 May 2022 Accepted: 19 July 2022
Published online: 12 August 2022

References

1. Gemayel AC, Varacallo M. Total knee replacement techniques, in Stat-
Pearls. 2021, StatPearls Publishing Copyright © 2021, StatPearls Publishing
LLC, Treasure Island (FL).

2. Deiter J, et al. Efficacy of adductor canal block protocol implementation
in a multimodal pain management protocol for total knee arthroplasty.

J Clin Orthop Trauma. 2020;11(1):118-21. https://doi.org/10.1016/j.jcot.
2019.05.012.

3. Kandarian BS, et al. Updates on multimodal analgesia and regional anes-
thesia for total knee arthroplasty patients. Best Pract Res Clin Anaesthe-
siol. 2019;33(1):111-23. https://doi.org/10.1016/j.bpa.2019.02.004.

4. BendtsenTF, et al. The optimal analgesic block for total knee arthroplasty.
Reg Anesth Pain Med. 2016;41(6):711-9. https://doi.org/10.1097/AAP.
0000000000000485.

5. llfeld BM, McCartney CJL. Searching for the optimal pain management
technique after knee arthroplasty: analgesia is just the tip of the iceberg.
Anesthesiology. 2017;126(5):768-70. https://doi.org/10.1097/ALN.00000
00000001608.

20.

AR

22.

23.

24.

Page 150f 16

Laoruengthana A, et al. Anterior vs posterior periarticular multimodal
drug injections: a randomized, controlled trial in simultaneous bilateral
total knee arthroplasty. J Arthroplasty. 2017;32(7):2100-4. https://doi.org/
10.1016/j.arth.2017.02.033.

Thobhani S, et al. Novel regional techniques for total knee arthroplasty
promote reduced hospital length of stay: an analysis of 106 patients.
Ochsner J. 2017;17(3):233-8.

Moher D, et al. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. BMJ. 2009;3(3):e123-30.
Podsiadlo D, Richardson S. The timed “Up & Go": a test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc. 1991;39(2):142-8.
https://doi.org/10.1111/j.1532-5415.

. Elkassabany NM, et al. The risk of falls after total knee arthroplasty

with the use of a femoral nerve block versus an adductor canal
block: a double-blinded randomized controlled study. Anesth Analg.
2016;122(5):1696-703. https://doi.org/10.1213/ANE.0000000000001237.

. Higgins JP, et al. The Cochrane collaboration’s tool for assessing risk of

bias in randomised trials. BMJ. 2011,343:d5928. https://doi.org/10.1136/
brmj.d5928.

. Julian PT. Higgins and sally green. Cochrane handbook for systematic

reviews for interventions, Version 5.1.0. 201 1. https://doi.org/10.1002/
jrsm.38.

. Li DH, et al. Efficacy of adductor canal block combined with additional

analgesic methods for postoperative analgesia in total knee arthroplasty:
a prospective, double-blind, randomized controlled study. J Arthroplasty.
2020;35(12):3554-62. https://doi.org/10.1016/j.arth.2020.06.060.

. Ochroch J, et al. Analgesic efficacy of adding the IPACK block to a

multimodal analgesia protocol for primary total knee arthroplasty.
Reg Anesth Pain Med. 2020;45(10):799-804. https://doi.org/10.1136/
rapm-2020-101558.

. Ling H, Kang L, Ruiting W, Xuefeng W, Xiaoging C. Application of

ultrasound-guided adductor tube combined with IPack block in total
knee arthroplasty in elderly patients. J Pract Med. 2020;36:950-3.

. Patterson ME, et al. The effect of the IPACK block on pain after primary

TKA: a double-blinded, prospective, randomized trial. J Arthroplasty.
2020;35(6):5173-7. https://doi.org/10.1016/j.arth.2020.01.014.

. Ming L, et al. Effect of adductor tube combined with IPack block on

multimodal analgesia after total knee arthroplasty. Chin J Anesthesiol.
2019;39:574~7. https://doi.org/10.3760/cma.j.issn.0254-1416.

. Qiuru W, Baowei W, Jing Y, Pengde K. A randomized controlled trial of

adductor block combined with popliteal artery and posterior capsular
block of the knee joint for analgesia after total knee arthroplasty. Chin J
Bone Jt. 2020;9:730-6. https://doi.org/10.3969/].issn.2095-252X.

. TakR, et al. Continuous adductor canal block is superior to adductor

canal block alone or adductor canal block combined with IPACK block
(interspace between the popliteal artery and the posterior capsule of
knee) in postoperative analgesia and ambulation following total knee
arthroplasty: randomized control trial. Musculoskel Surg. 2020. https://
doi.org/10.1007/512306-020-00682-8.

Li S, Minglun W, Guixia M, Dengming M, Ping Z. Evaluation of the analge-
sic effect of ultrasound-guided IPack + adductor tube (ACB) combined
block after total knee arthroplasty. Diabetes World. 2019;16:23-5. https://
doi.org/10.3969/j.issn.1672-7851.

Sankineani SR, et al. Comparison of adductor canal block and IPACK block
(interspace between the popliteal artery and the capsule of the posterior
knee) with adductor canal block alone after total knee arthroplasty: a
prospective control trial on pain and knee function in immediate postop-
erative period. Eur J Orthop Surg Traumatol. 2018;28(7):1391-5. https.//
doi.org/10.1007/500590-018-2218-7.

Xingfeng Z, Hao C. Effect of ultrasound-guided adductor tube combined
with [Pack block combined with general anesthesia on analgesia after
total knee arthroplasty. Zhejiang J Trauma Surg. 2020;25:1004-5. https://
doi.org/10.3969/j.issn.1009-7147.

Yuquan L, Yanzhong C, Zhiwen Z, Yiling L, Weichang W. Effect of ultra-
sound-guided adductor tube combined with IPack block on anesthesia
effect and prognosis of TKA patients. Med Innov China. 2020;17:66-70.
https://doi.org/10.3969/j.issn.1674-4985.

Vichainarong C, et al. Analgesic efficacy of infiltration between the
popliteal artery and capsule of the knee (iPACK) block added to local
infiltration analgesia and continuous adductor canal block after total


https://doi.org/10.1016/j.jcot.2019.05.012
https://doi.org/10.1016/j.jcot.2019.05.012
https://doi.org/10.1016/j.bpa.2019.02.004
https://doi.org/10.1097/AAP.0000000000000485
https://doi.org/10.1097/AAP.0000000000000485
https://doi.org/10.1097/ALN.0000000000001608
https://doi.org/10.1097/ALN.0000000000001608
https://doi.org/10.1016/j.arth.2017.02.033
https://doi.org/10.1016/j.arth.2017.02.033
https://doi.org/10.1111/j.1532-5415
https://doi.org/10.1213/ANE.0000000000001237
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1002/jrsm.38
https://doi.org/10.1002/jrsm.38
https://doi.org/10.1016/j.arth.2020.06.060
https://doi.org/10.1136/rapm-2020-101558
https://doi.org/10.1136/rapm-2020-101558
https://doi.org/10.1016/j.arth.2020.01.014
https://doi.org/10.3760/cma.j.issn.0254-1416
https://doi.org/10.3969/j.issn.2095-252X
https://doi.org/10.1007/s12306-020-00682-8
https://doi.org/10.1007/s12306-020-00682-8
https://doi.org/10.3969/j.issn.1672-7851
https://doi.org/10.3969/j.issn.1672-7851
https://doi.org/10.1007/s00590-018-2218-7
https://doi.org/10.1007/s00590-018-2218-7
https://doi.org/10.3969/j.issn.1009-7147
https://doi.org/10.3969/j.issn.1009-7147
https://doi.org/10.3969/j.issn.1674-4985

Guo et al. Journal of Orthopaedic Surgery and Research

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

(2022) 17:387

knee arthroplasty: a randomized clinical trial. Reg Anesth Pain Med.
2020;45(11):872-9. https://doi.org/10.1136/rapm-2020-101396.

EtT, et al. Comparison of iPACK and periarticular block with adductor
block alone after total knee arthroplasty: a randomized clinical trial. J
Anesth. 2022. https://doi.org/10.1007/500540-022-03047-6.

Mou P, et al. Adductor canal block combined with IPACK block for
postoperative analgesia and function recovery following total knee
arthroplasty: a prospective, double-blind, randomized controlled study.
J Arthroplasty. 2022,37(2):259-66. https://doi.org/10.1016/j.arth.2021.10.
004.

Wang F, Ma W, Huang Z. Analgesia effects of IPACK block added to mul-
timodal analgesia regiments after total knee replacement: a systematic
review of the literature and meta-analysis of 5 randomized controlled
trials. Medicine (Baltimore). 2021;100(22):e25884. https://doi.org/10.1097/
MD.0000000000025884.

Gong WY, et al. Novel lateral approach for ultrasound-guided IPACK block.
Anaesth Crit Care Pain Med. 2021;40(3):100863. https://doi.org/10.1016/j.
accpm.2021.100863.

Tran J, et al. Evaluation of the iPACK block injectate spread: a cadav-

eric study. Reg Anesth Pain Med. 2019. https://doi.org/10.1136/
rapm-2018-100355.

Niesen AD, et al. Interspace between popliteal artery and posterior cap-
sule of the knee (IPACK) injectate spread: a cadaver study. J Ultrasound
Med. 2019;38(3):741-5. https://doi.org/10.1002/jum.14761.

Kampitak W, et al. Optimal location of local anesthetic injection in the
interspace between the popliteal artery and posterior capsule of the
knee (iPACK) for posterior knee pain after total knee arthroplasty: an
anatomical and clinical study. Korean J Anesthesiol. 2019;72(5):486-94.
https://doi.org/10.4097/kja.19060.

Wang Q, et al. Efficacy of single-shot adductor canal block combined
with posterior capsular infiltration on postoperative pain and functional
outcome after total knee arthroplasty: a prospective, double-blind,
randomized controlled study. J Arthroplasty. 2019;34(8):1650-5. https://
doi.org/10.1016/j.arth.2019.03.076.

Mutsuzaki H, et al. Target range of motion for rehabilitation after total
knee arthroplasty. J Rural Med. 2017;12(1):33-7. https://doi.org/10.2185/
jrm.2923.

Bohannon RW. Reference values for the timed up and go test: a descrip-
tive meta-analysis. J Geriatr Phys Ther. 2006;29(2):64-8. https://doi.org/10.
1519/00139143-200608000-00004.

Chan E, et al. Infiltration between the popliteal artery and the cap-

sule of the knee (IPACK) block in knee surgery: a narrative review.

Reg Anesth Pain Med. 2021;46(9):784-805. https://doi.org/10.1136/
rapm-2021-102681.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 16 of 16

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1136/rapm-2020-101396
https://doi.org/10.1007/s00540-022-03047-6
https://doi.org/10.1016/j.arth.2021.10.004
https://doi.org/10.1016/j.arth.2021.10.004
https://doi.org/10.1097/MD.0000000000025884
https://doi.org/10.1097/MD.0000000000025884
https://doi.org/10.1016/j.accpm.2021.100863
https://doi.org/10.1016/j.accpm.2021.100863
https://doi.org/10.1136/rapm-2018-100355
https://doi.org/10.1136/rapm-2018-100355
https://doi.org/10.1002/jum.14761
https://doi.org/10.4097/kja.19060
https://doi.org/10.1016/j.arth.2019.03.076
https://doi.org/10.1016/j.arth.2019.03.076
https://doi.org/10.2185/jrm.2923
https://doi.org/10.2185/jrm.2923
https://doi.org/10.1519/00139143-200608000-00004
https://doi.org/10.1519/00139143-200608000-00004
https://doi.org/10.1136/rapm-2021-102681
https://doi.org/10.1136/rapm-2021-102681

	iPACK block (local anesthetic infiltration of the interspace between the popliteal artery and the posterior knee capsule) added to the adductor canal blocks versus the adductor canal blocks in the pain management after total knee arthroplasty: a systemati
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Inclusion and exclusion criteria
	Search, selection, and data extraction
	Risk of bias (RoB) assessment
	Quality of evidence
	Statistical analysis

	Results
	Identifications and characteristics of the researches
	RoB, publication bias, and sensitivity analysis
	ACB + iPACK versus ACB: VAS scores
	ACB + iPACK versus ACB: postoperative cumulative morphine consumption
	ACB + iPACK versus ACB: postoperative range of knee movement (ROM)
	ACB + iPACK versus ACB: TUG test
	ACB + iPACK versus ACB: postoperative walk distance
	ACB + iPACK versus ACB: postoperative quadriceps muscle strength
	ACB + iPACK versus ACB: hospital stays and the incidence of PONV

	Discussion
	Conclusion
	Acknowledgements
	References


