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Abstract 

Purpose  Adductor canal block has emerged as a favourable element of multimodal analgesia regimens for total 
knee arthroplasty, due to the exclusive sensory blockade it provides. However, it is controversial as to whether a single 
shot or continuous technique adductor canal block is superior. This meta-analysis examined the effect of both these 
techniques on pain management associated with total knee arthroplasty.

Methods  All randomised controlled trials published on Cochrane Library, PubMed, and EMBASE, Scopus, and 
PsychINFO were systematically searched. The PEDro scale was used to assess the quality of studies. A total of 8 articles, 
2 of which were split by subgroup analyses to create 10 studies, with 828 adults were selected for inclusion in the 
analysis. The mean difference and effect size with a 95% confidence interval (CI) were analysed for the pooled results.

Results  Statistically significant pooled effects of analgesia technique in favour of catheter use were found in the 
reduction of pain scores and VAS scores, and total rescue analgesia dosage. No significant changes were observed in 
the hospital stay time. Subgroup analysis revealed that patients with BMI 30 or more reported higher pain scores than 
those with BMI below 30.

Conclusion  Based upon studies that are currently available, our meta-analysis appears to demonstrate that continu-
ous administration of analgesia through an adductor canal catheter provides greater pain reduction in total knee 
arthroplasty than single shot analgesia. Despite these current findings, future studies with larger sample sizes and 
greater control of study parameters are required to confirm the current findings.

Keywords  Total knee arthroplasty, Single shot adductor canal block, Continuous technique adductor canal block, 
Pain management, Meta-analysis
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Background
Post-operative pain control after total knee arthroplasty 
(TKA) remains a significant issue, as the procedure is one 
of the most frequently performed orthopaedic operations 
and can cause intense early postoperative pain leading to 
patient dissatisfaction [1–5].

Multiple analgesic regimens are described in the litera-
ture for TKA, consisting of preoperative, intraoperative 
and postoperative options. In current practice, a com-
bination of these options is used, typically in a multi-
modal fashion involving oral analgesics, regional nerve 
block, local infiltration, and patient-controlled analgesia 
depending on surgeon preference. Among intraopera-
tively-administered pain management options, the femo-
ral nerve block (FNB) is regarded as the gold standard by 
some for its ample reduction in pain, reduction in opi-
oid use and shortened hospital length of stay [6]. How-
ever its associated quadriceps muscle weakness resulting 
from blockade of motor efferents to anterior thigh mus-
cles hinders early mobilisation and rehabilitation [7, 8]. 
Local infiltration analgesia involves periarticular and 
intraarticular injection of a local anaesthetic cocktail. 
While there is a lack of consensus on the medications 
used and technique, it has demonstrated superior post-
operative pain reduction [9] and reduced muscle weak-
ness compared to FNB and is hence used widely for TKA 
[10]. The adductor canal block (ACB) has gained trac-
tion for this indication as a pure sensory block, targeting 
only the saphenous nerve and part of the obturator nerve 
[11]. Furthermore, the ACB has been previously shown 
to improve post-operative ambulation and quadriceps 
strength [12]. The two main types of ACB technique are 
the single shot ACB (SACB) using a single bolus of anal-
gesic, and the continuous ACB (CACB) using continuous 
infusion of repeated boluses at specific intervals via cath-
eter [13, 14]. However, there is currently no consensus 
as to which of these techniques provides superior pain 
relief and subsequent return to mobility [11]. Given the 
benefits of early mobilisation on long-term pain, range of 
motion, and risk of deep vein thrombosis, there is great 
utility in optimising one’s ambulation following TKA [7].

Whilst previous research has demonstrated a relative 
benefit of CACB over single shot ACB [15], there exists 
contradictory evidence suggesting that there is minimal 
or no benefit of the continuous injection method over 
single shot [16–18] and hence, it is currently unclear 
which subgroup of patients derive the most benefit from 
continuous therapy. Therefore, this paper aims to fill 
in a research gap by not only assessing the efficacy of 
CACB compared to SACB for pain management using 
comparisons between pain scores, but also including a 
larger number of studies and to include subgroup anal-
ysis to identify the sources of the efficacy of the CACB 

over SACB. There will be a focus on patient characteris-
tics including age and body-mass index (BMI) using sub-
group analyses. It is anticipated that CACB will be more 
effective in reducing postoperative pain than SACB, lead-
ing to decreased rescue analgesia usage and hospital stay 
time, which will aid in optimising patient outcomes after 
TKA.

Materials and methods
Search methods
The meta-analysis protocol was registered with the Pros-
pero International Prospective Register of Systematic 
Reviews (Registration number CRD42020200119). The 
systematic literature review and meta-analyses were per-
formed and reported according to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRIMSA) guidelines. We performed a literature search 
to identify published RCTs investigating single short ver-
sus continuous technique adductor canal block for post-
operative analgesia in total knee arthroplasty surgery. 
Search strategies were designed in accordance with the 
PICO (Patients, Intervention, Comparator, Outcome) 
algorithm [19].

The population was adults aged 18 years or older with 
total knee replacement therapy or total knee arthro-
plasty. The intervention was single shot analgesia infu-
sion within the intervention group. The control included 
patients who received continuous analgesia infusion. The 
primary outcomes considered pain measured by Visual 
Analogue Score (VAS) and Numeric Rating Scale (NRS), 
with secondary outcomes including total rescue analgesia 
dosage and hospital stay time.

The keywords used in the search for relevant studies 
were as follows: Single AND (Continuous OR Catheter) 
AND (Adductor Canal Block OR Adductor Canal Block-
ade) AND (Total Knee Replacement OR Knee Arthro-
plasty) AND Randomised Control Trial, using employed 
medical subject headings (MeSH). No restrictions or fil-
ters were used.

Inclusion criteria
Inclusion of studies within the meta-analysis followed 
strict criteria as follows: (1) Published in a peer-reviewed 
journal in the past 10  years (August 2010 until August 
2020); (2) RCT study design; (3) participants were adult 
patients aged 18  years or older with total knee replace-
ment therapy or total knee arthroplasty; (4) single shot 
analgesia or continuous infusion analgesia were used for 
anaesthetic induction; (5) primary outcome variables 
included VAS and NRS, with total rescue analgesia dos-
age and hospital stay time as secondary outcomes; (6) if 
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multiple studies were published on the same population 
only the most recent study was included.

Data extraction
Two authors completed the initial search with review 
of each search strategy, with TC conducting the first 
search and HM conducting a parallel search. AJ was 
responsible for resolving any disagreements in the dis-
cussion in the search. All citations and abstracts where 
possible were downloaded to EndNote X9 for review. 
The databases searched were Cochrane Library, Pub-
Med, and EMBASE, Scopus, PsychINFO. Scientific 
articles in English and Chinese reporting original data 
of RCTs published in peer-reviewed journals were 
evaluated. Studies were excluded where study design 
and methodology were unclear or did not sufficiently 
describe the intervention, or if a non-standardised 
delivery protocol was used. Duplicates and articles for 
which the full text was not available were excluded. 

Studies that included multiple sub-studies were con-
sidered in the search as separate individual studies. All 
search results underwent a primary screening process, 
performed independently by two reviewers, based on 
title and abstract according to the inclusion criteria 
(Fig.  1). Among the 10 studies included in the meta-
analysis, there were two studies that contained two 
sub-studies. Data with regard to study design; study 
location; number of participants; participant age; par-
ticipant sex; participant BMI; adductor canal block 
method (single-injection or continuous-injection) and 
total duration of infusion; type of rescue analgesia used; 
patient reported pain scores using VAS or NRS col-
lected as the mean and standard deviation at 2, 4, 8, 
12, 24, 48, 72 h for NRS and 4, 8, 12, 24, 48, and 72 h 
for VAS; total rescue analgesia dosage were extracted 
from the 10 studies. Furthermore, all VAS and NRS 
scores were converted to a rating from 0 to 10 to ensure 

Fig. 1  PRISMA flowchart of included studies
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comparability between studies that use different pain 
scores [20, 21].

Data regarding study setting, design location, study 
blinding, study population, sample size, interven-
tions, comparators, potential biases in the conduct of 
the trial, and outcomes were extracted from eligible 
publications.

Quality assessment
The Physiotherapy Evidence Database tool (PEDro scale) 
was used to assess the external validity (criteria 1), inter-
nal validity and biases (criteria 2–9), and the interpret-
ability of the findings (criteria 10–11) of the randomised 
control trials. The criteria are as follows: specified eligil-
ity criteria, random allocation, allocation concealment, 
blinding of subjects, blinding of clinicians, blinding of 
researchers, key outcome measurement in 85% of initial 
subjects, intention to treat, between group comparison, 
measure of variability, and similarity at baseline. The 
PEDro tool aims to categorise studies into three quality 
levels: low quality (≤ 3 points), moderate quality (4–7 
points), high quality (≥ 8 points). Eligible papers were 
all analysed independently by two reviewers, HN and 
KR, and any discrepancies were resolved via discussion 
(Additional file 1: Table S1).

Statistical analysis
Statistical analysis was performed using Comprehensive 
Meta-Analysis Version 4 (Biostat, Englewood, NJ 2022). 
Subgroup analyses were performed using age (< 70 years 
compared with ≥ 70  years) and BMI (< 30 BMI for nor-
mal and overweight patients compared with ≥ 30 BMI 
for obese patients) based on WHO definitions. The age 
cut-off of 70 years was chosen since patients using cath-
eter above this age are at high risk of developing negative 
health outcomes [22]. The effect of continuous cath-
eter compared to single shot adductor canal blocks was 
described with the use of a pooled effect size method. 
Random effect meta-analyses were performed to describe 
the overall effect size. The mean difference was used to 
present the effect size for each intervention and time 
frame. Analysis of each study to assess for inconsistency 
included visual assessment of confidence intervals for 
overlap and I2 statistics of heterogeneity.

Results
In the initial search, 300 articles were identified from the 
key databases (Cochrane Library, PubMed, EMBASE, 
and Scopus, PsychINFO) (Fig.  1). All articles were 
imported into Endnote, and 90 duplicate articles were 
removed. The remaining 210 studies were screened 
by review of title and abstract, removing 200 articles 

according to the inclusion and exclusion criteria. The 
remaining 10 studies were included in the final quanti-
tative analysis; 4 were of high quality (8 points or more) 
and 6 were of moderate quality (5–7 points) by PEDro 
analysis. Table  1 shows the final list of included studies 
and their summary characteristics.

Participants
Table  1 provides an outline of included studies. Out-
comes were reported on 828 adults receiving single injec-
tion (n = 413) or continuous technique (n = 415) adductor 
canal block. Method of adductor canal block was used to 
assess different postoperative outcomes, with eight stud-
ies measuring pain as VAS score [13, 17, 18, 23–25]; two 
studies measuring pain as NRS score [26, 27]; five studies 
measuring total rescue analgesia dosage [13, 18, 26, 27]; 
four studies measuring hospital stay time [13, 18, 27]; six 
studies measuring physical therapy endpoints [18, 23, 26, 
27]; three studies measuring quality of recovery [18, 26]; 
two studies measuring adverse effects [26, 27]; and one 
study measuring patient satisfaction [27]. These studies 
were conducted in 6 different locations, including Turkey 
[13], USA [18], South Korea [26], Denmark [28], China 
[18, 23], and India [17]. Duration of infusion in con-
tinuous technique adductor canal block groups varied, 
with three studies reporting 24 h [13, 18, 23], six studies 
reporting 48 h [17, 18, 25, 27, 29], and one study did not 
report the duration [26]. No data was available from the 
studies to directly compare the study population’s base-
line demographics or surgical techniques.

Effect on outcome variables
As shown in Table  2, there were significant differences 
between single shot and continuous technique adductor 
canal block in pain scores in 2 h, 4 h, 8 h, 12 h, 24 h, 48 h 
and 72  h in both standardised mean difference (effect 
size) and mean difference. There were also significant dif-
ferences between single shot and continuous technique 
adductor canal block in pain scores measured using the 
VAS scale in 4 h, 8 h, 12 h, 24 h, 48 h and 72 h in both 
standardised mean difference (effect size) and mean dif-
ference. There were significant differences in both stand-
ardised mean difference (0.275; 95% CI 0.068, 0.483; 
p < 0.01) (effect size) and mean difference (11.237; 95% CI 
3.574, 18.899; p < 0.01) between single shot and continu-
ous technique adductor canal block in total rescue anal-
gesia, and no statistically significant difference in hospital 
stay time between the two groups (mean difference 0.071; 
95% CI − 0.031, 0.174; p > 0.05).

Adverse effects of treatments such as nausea and vomiting 
was monitored by 8 out of 10 studies [13, 17, 18, 23, 25, 26]. 
Lyngeraa et al. [24] and Lyngeraa et al. [24] [29] did not mon-
itor any adverse effects of treatments. Canbek et al. and Kim 
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et al.  reported that there were no adverse effects of treat-
ments in both SACB and CACB groups [13, 26]. Elkassabany 
et al. (2019) reported adverse effects as a sum of scores as 
a part of the Revised American Pain Society Patient Out-
come Questionnaire (APS-POQ-R), where the SACB group 
scored 9 (3 to 16), 24 h CACB group scored 11 (5 to 16), and 
48 h CACB group scored (7 to 15) [18]. Li et al. reported 6 
adverse effects in the SACB group (3 nausea, 2 vomiting, 
and 1 drowsiness), and 3 adverse effects in the CACB group 
(1 nausea, 2 vomiting) [25]. Shah et  al. reported 1 adverse 
effect in both the SACB and CACB groups [17]. Turner et al. 
reported adverse effects by postoperative days (POD), where 
there were 4 adverse effects on postoperative day 1 and no 
increase in adverse effects on POD2 in the SACB group, and 
7 adverse effects on postoperative day 1 and 10 total adverse 
effects by POD2 in the CACB group [27]. Zhang et  al. 
reported 3 adverse effects in the SACB group, and 4 adverse 
effects in the CACB group [23].

Subgroup analysis found only age group explained the 
significant difference between single shot and catheter 
group in the pain score in 8-h, 24  h when people were 
aged less than 70  years had more pain score than peo-
ple who aged 70 or more. However, when pain score 
was measured at 48 h, people who were aged 70 or more 
had more pain score than people who aged less than 70. 
Additionally, people with a BMI of 30 or more had higher 
pain scores than people with a BMI lower than 30 when 
pain scores were measured at both 24 h and 48 h.

Egger regression analysis showed that all pain scores 
and VAS scores had P value more than 0.05 suggesting 
there was no publication bias (Figs. 2, 3, 4).

  Sensitivity analysis demonstrated that the overall 
results remained significant when removing a study per 
time suggesting the results were not due to any single 
study (Tables 3, 4).

Table 2  Result of all variable analysis of included studies in meta-analysis

P < 0.05, *; P < 0.01, **; P < 0.001, ***

Variables Studies (n) Participant (n) Mean difference Effect size Publication bias

MD (95% CI) Q test I2(%) Effect size (95% 
CI)

Q test I2(%) Egger’s t value 
(95% CI)

2-h pain score 3 227 0.966 (0.057, 
1.876) *

21.408 90.658 
***

0.791 (0.480, 
1.103) ***

2.503 20.104 0.238 (− 53.858, 
51.879)

4-h pain score 5 360 1.153 (0.480, 
1.826) ***

93.987 95.744 
***

1.522 (0.552, 
2.491) **

63.631 93.714 
***

1.324 (− 10.004, 
24.254)

8-h pain score 6 511 0.839 (0.381, 
1.297) ***

49.079 89.812 
***

1.084 (0.364, 
1.803) **

70.278 92.885 
***

2.126 (− 3.005, 
22.656)

12-h pain score 4 328 0.999 (0.282, 
1.716) **

12.994 76.912 ** 0.720 (0.249, 
1.190) **

12.497 75.994 ** 0.875 (− 40,558, 
26.853)

24-h pain score 8 619 0.884 (0.274, 
1.494) **

87.891 92.036 
***

0.892 (0.441, 
1.344) ***

42.381 85.843 
***

2.347 (− 0.362, 
17.285)

48-h pain score 7 534 0.892 (0.441, 
1.344) ***

42.381 85.843 
***

1.005 (0.432, 
1.578) ***

56.123 89.309 
***

2.474 (− 0.292, 
15.262)

72-h pain score 3 231 0.556 (0.131, 
0.981) *

3.738 46.501 0.511 (0.181, 
0.840) **

2.930 31.737 1.185 (− 44.972, 
37.301)

4-h VAS 4 316 1.956 (0.232, 
3.680) *

43.757 93.144 
***

0.792 (0.229, 
1.356) **

0.520 82.149 
***

3.190 (− 33.256, 
4,939)

8-h VAS 5 467 2.822 (0.555, 
5.090) *

46.274 91.356 
***

0.648 (0.110, 
1.186) *

31.805 87.423 
***

0.340 (− 35.898, 
44.461)

12-h VAS 3 268 2.934 (0.738, 
5.130) **

25.189 92.060 
***

0.929 (0.581, 
1.277) ***

3.637 45.007 0.291 (− 99.140, 
94.701)

24-h VAS 6 515 1.965 (0.634, 
3.297) **

31.177 83.963 
***

0.561 (0.165, 
0.956) **

23.922 79.099 
***

0.555 (− 15.519, 
20.280)

48-h VAS 5 430 0.996 (0.136, 
1.856) *

17.271 76.840 ** 0.553 (0.344, 
0.763) ***

4.633 13.664 1.540 (− 12.257, 
4.262)

72-h VAS 3 231 0.556 (0.132, 
0.981) *

3.735 46.457 0.511 (0.181, 
0.840) **

2.930 31.751 1.185 (− 44.977, 
37.305)

Total rescue 
analgesia

5 361 11.237 (3.574, 
18.899) **

1.860 0 0.275 (0.068, 
0.483) **

2.908 0 1.007 (− 4.340, 
8.354)

Hospital stay time 3 268 0.071 (− 0.031, 
0.174)

1.043 0 0.131 (− 0.109, 
0.371)

1.734 0 0.927 (− 14.890, 
12.866)
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Discussion
The capacity to minimise postoperative pain in TKA 
is significantly relevant for surgeons and patients as it 
affects postoperative rehabilitation [18, 30, 31]. CACB 
demonstrated a higher efficacy for pain management 
over SACB, with VAS scores between 4 and 24  h post-
operative reaching the acceptable minimal clinically 
important difference (MCID) after TKA of 1 to 2 points 
[32–34]. It is plausible a major limitation of peripheral 
nerve blocks such as the SACB is the short duration of 
action, between 12 to 24 h [35]. The increased adminis-
tration of rescue analgesia in the SACB group compared 
the CACB group is likely due to the SACB wearing off 
after 24 h, leading to increased rescue analgesia use after 

this period [26]. Furthermore, CACB allows for the deliv-
ery of greater doses of anaesthetic for longer durations 
of time, resulting in higher efficacy of postoperative pain 
management for a longer period of time [36]. Addition-
ally, lower pain scores after 2 h in the CACB group com-
pared to the SACB group can be attributed to the use of 
spinal anesthesia in some study groups, which may have 
exaggerated the impact of ACB, ultimately resulting in a 
larger difference in pain scores between CACB and SACB 
groups in the several hours after surgery [17, 26].On the 
other hand, CACB has unique complications compared 
to SACB, including catheter obstruction, migration, leak-
age of local anaesthetic, accidental removal, and rarely 
infection [35]. Risks of ACB generally include vascular 

Fig. 2  Forest plots in 2 h, 4 h, 8 h, and 12 h pain score

Fig. 3  Forest plots in 24 h, 48 h and 72 h pain score, and total rescue analgesia dosage in milligrams (mg)
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puncture and bleeding, nerve damage, and local anaes-
thetic toxicity [35].

The statistically insignificant decrease in hospital stay 
time in the CACB group compared with the SACB group 
corroborates with previous studies showing that pain 
control is an important factor in decreasing hospital stay 
time after TKA [35, 37, 38]. Additionally, poor quadri-
ceps muscle strength induced by ACB or inadequate pain 
management may worsen with prolonged continuous 
infusion due to the motor branch of the vastus media-
lis muscle contained within the adductor canal being 
affected, especially with high volumes and repeated infu-
sions of anaesthetic [39], delaying patient rehabilitation 
after surgery and adversely impacting physiotherapy. This 
may result in a longer hospital stay time.

Our study is the first to make use of subgroup analysis 
by incorporating RCTs inclusive of the target population 
age and BMI. At 8 and 24  h postoperatively, the CACB 
has a significant effect size in patients under 70 years old, 
however this is insignificant in those aged 70 and over. 
At 48 h, both age groups benefit from lower pain scores 
through the CACB, yet this effect is more pronounced 
in the older age group. This may be explained by age-
related slowing of drug metabolism and clearance related 
to decline in hepatic and renal function [41, 42]. At 24 
and 48 h, significant pain score effect sizes were detected 

in both BMI groups when comparing SACB and CACB, 
and the effect is more pronounced in the < 30 BMI group. 
One theory for this is that increased α-acid glycoprotein 
in obesity reduces the free fraction of anaesthetic and 
increases the dose requirement for nerve block [45].

Although meta-regression analysis may have reduced 
confounding effects and yielded valuable insight into 
effects of anaesthesia type, tourniquet use, ACB tech-
nique and pre-emptive medication, there is insufficient 
power. Anaesthetic type was typically left to anaesthetists 
to decide, which is subject to local protocols and poli-
cies—three studies used exclusively spinal anaesthetic 
[13, 17, 29], two used general [23, 26], and two were 
mixed [18, 27]. All but one study used a tourniquet for 
the operation [17] and one failed to report [27]. CACB 
technique was using standard catheter, however one 
study also featured a suture-method catheter [29]. Pre-
emptive medications also differed depending on local 
policy and anaesthetist/surgeon preference and is out-
lined in Table 1.

Cost-effectiveness is an important factor to consider, 
with adductor canal catheters being $80 compared to 
the relatively in-expensive SACB [23, 26, 29, 40]. There is 
also greater expertise required for CACB administration 
[26]. Decreased hospital stay time with CACB may ame-
liorate this and facilitate more efficient patient turnover, 

Fig. 4  Forest plots in 4 h, 8 h, 12 h, 24 h, 48 h, and 72 h VAS score
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however to our knowledge no formal investigation has 
been conducted.

Patient satisfaction is inconclusive; one study reports 
decreased satisfaction with CACB [23], another reports 

increased satisfaction [18], and another states there is no 
difference [27]. This is likely due to differences in meas-
urement methods—APS-POQ-R [18], 5-point Likert 
scale [27], willingness to recommend same treatment 
[27], and dichotomous verbal evaluation [23].

Findings from this meta-analysis contradicts some 
prior published findings in the literature. One meta-anal-
ysis has been published on single shot and continuous 
technique ACB after TKA, which found no significant 
difference in pain at 24  h postoperative, morphine con-
sumption, risk of complications or length of hospital 
stay between the two analgesic approaches [16]. Our 
meta-analysis synthesised more evidence by including a 
larger number of studies (10, as opposed to 4 in the afore-
mentioned meta-analysis), larger sample size, and novel 
subgroup analysis into body-mass index (BMI) and age, 
and also includes studies using both NRS and VAS pain 
scales.

A limitation of this study is the exclusion of RCT 
studies evaluating unicompartmental knee arthro-
plasty (UKA), reducing the power and potential clinical 

Table 3  Subgroup analysis for included studies

CI confidence interval

P < 0.05, *; P < 0.01, **; P < 0.001, ***

Subgroups Studies (n) Participant (n) Mean difference Effect size

Mean difference (95% 
CI)

Q test I2(%) Effect size (95% CI) Q test I2(%)

Eight-hour pain score age 
group

  < 70 3 268 1.238 (0.175, 2.301) * 25.271 92.086 
***

1.009 (0.461, 1.558) *** 8.729 77.089 **

  70 and more 3 243 0.546 (-0.210, 1.302) 18.279 89.059 
***

1.266 (-0.209, 2.741) 49.998 96.000 
***

Twenty-four-hour pain 
score age group

  < 70 4 316 0.809 (0.445, 1.173) *** 5.252 42.883 0.802 (0.380, 1.224) *** 9.427 68.177 *

  70 and more 4 303 0.402 (-0.523, 1.326) 35.166 91.469 
***

1.131 (-0.086, 2.347) 66.888 95.515 
***

Forty-eight-hour pain 
score age group

  < 70 3 231 0.635 (0.099, 1.172) * 5.446 63.278 0.538 (0.157, 0.919) ** 3.836 47.856

  70 and more 4 303 1.083 (0.473, 1.692) *** 24.334 87.672 
***

1.549 (0.465, 2.632) ** 50.873 94.103 
***

Twenty-four-hour pain 
score BMI group

  < 30 6 467 0.690 (0.203, 1.177) *** 56.129 91.092 
***

1.156 (0.325, 1.986) *** 78.148 93.602 
***

  30 and more 2 152 0.492 (-1.265, 2.248) ** 7.945 87.414** 0.266 (-0.647, 1.179) ** 8.554 88.310 **

Forty-eight-hour pain 
score BMI group

  < 30 5 382 0.760 (0.169, 1.351) *** 39.337 89.831 
***

1.158 (0.284, 2.033) * 54.959 92.722 
***

  30 and more 2 152 1.251 (0.402, 2.100) *** 2.652 62.297 0.821 (0.519, 1.123) ** 0.214 0.000

Table 4  Egger regression results for publication bias

Variable Egger test P

24 h pain score 3.449 (3.381, 19.892) 0.014

48 h pain score 3.215 (2.233, 20.055) 0.024

Total rescue analgesia dosage 1.007 (− 4.340, 8.354) 0.388

2 h pain score 5.982 (− 17.523, 48.698) 0.105

4 h pain score 2.498 (− 3.934, 32.673) 0.088

8 h pain score 2.659 (− 0.640, 29.647) 0.056

12 h pain score 1.594 (− 34.984, 76.178) 0.252

72 h pain score 1.772 (− 65.142, 86.259) 0.327

Hospital stay time 0.201 (− 82.330, 84.983) 0.873

VAS 4 h 1.005 (− 401.054, 469.960) 0.498

VAS 8 h 1.552 (− 23.773, 69.056) 0.218

VAS 24 h 2.589 (− 4.826, 46.946) 0.081

VAS 48 h 1.081 (− 44.118, 73.736) 0.393
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significance of the results. Furthermore, disparities in 
spinal and general anaesthesia between the studies as 
well as tourniquet use may be confounding factors for 
pain score and hospital stay time outcomes. There is 
also heterogeneity in the agents used for ACB, which are 
demonstrated in Table 1. Whilst discharge criteria are an 
important determinant of hospital stay time, these crite-
ria were not outlined in the included studies, represent-
ing a limitation in our scope of interpretation of hospital 
stay time comparison. While this study focused on dif-
ferences in pain, rescue analgesia and hospital stay time, 
additional secondary outcomes can be analysed such as 
physiotherapy endpoints and adverse effects like postop-
erative nausea and vomiting. These were not analysed in 
this study due to insufficient available data. Additionally, 
there was an inadequate number of studies to analyse 
the difference with type of local anaesthetic or additive 
agents and outcome. Further RCT studies are required to 
clarify findings.

In conclusion, continuous, or catheter-administered, 
ACB features may significantly lower pain scores slightly 
above the MCID and may significantly lower total rescue 
analgesia than single shot ACB, which suggests that cath-
eter use may be the better approach to be applied in clini-
cal settings after total knee replacement. The strength of 
this conclusion can be improved with greater evidence 
from studies with a robust methodology.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s43019-​023-​00188-0.

Additional file 1. Quality of assessment for included studies using PEDro 
scale.

Author contributions
All authors contributed to the study conception and design. Conceptualisa-
tion was done by JS, AJ and HJN. The literature search was performed by AJ 
and TC. Data analysis was performed by JS, AD and HR. The first draft of the 
manuscript was written by AJ and HJN and JS commented on previous ver-
sions of the manuscript. All authors read and approved the final manuscript.

Funding
The authors declare that no funds, grants, or other support were received dur-
ing the preparation of this manuscript.

Data availability
Data will be available upon request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 18 August 2022   Accepted: 25 April 2023

References
	1.	 OECD. Hip replacement surgery2019.
	2.	 Ackerman IN, Bohensky MA, Zomer E, Tacey M, Gorelik A, Brand CA et al 

(2019) The projected burden of primary total knee and hip replacement 
for osteoarthritis in Australia to the year 2030. BMC Musculoskelet Disord. 
20(1):90. https://​doi.​org/​10.​1186/​s12891-​019-​2411-9

	3.	 Mahomed NN, Barrett J, Katz JN, Baron JA, Wright J, Losina E (2005) 
Epidemiology of total knee replacement in the United States Medicare 
population. J Bone Jt Surg Am 87(6):1222–1228. https://​doi.​org/​10.​2106/​
jbjs.d.​02546

	4.	 Ghosh A, Chatterji U (2019) An evidence-based review of enhanced 
recovery after surgery in total knee replacement surgery. J Perioper Pract 
29(9):281–290. https://​doi.​org/​10.​1177/​17504​58918​791121

	5.	 Lavand’homme P, Thienpont E (2015) Pain after total knee arthroplasty: 
a narrative review focusing on the stratification of patients at risk for 
persistent pain. Bone Jt J. 97(10 Suppl A):45–48. https://​doi.​org/​10.​1302/​
0301-​620x.​97b10.​36524

	6.	 Jaeger P, Nielsen ZJ, Henningsen MH, Hilsted KL, Mathiesen O, Dahl JB 
(2013) Adductor canal block versus femoral nerve block and quadriceps 
strength: a randomized, double-blind, placebo-controlled, crossover 
study in healthy volunteers. Anesthesiology 118(2):409–415. https://​doi.​
org/​10.​1097/​ALN.​0b013​e3182​79fa0b

	7.	 Harikesavan K, Chakravarty RD, Maiya AG (2019) Influence of early mobili-
zation program on pain, self-reported and performance based functional 
measures following total knee replacement. J Clin Orthopaed Trauma. 
10(2):340–344. https://​doi.​org/​10.​1016/j.​jcot.​2018.​04.​017

	8.	 Ilfeld BM (2011) Continuous peripheral nerve blocks: a review of the 
published evidence. Anesth Analg 113(4):904–925. https://​doi.​org/​10.​
1213/​ANE.​0b013​e3182​285e01

	9.	 Andersen LO, Husted H, Otte KS, Kristensen BB, Kehlet H (2008) High-
volume infiltration analgesia in total knee arthroplasty: a randomized, 
double-blind, placebo-controlled trial. Acta Anaesthesiol Scand 
52(10):1331–1335. https://​doi.​org/​10.​1111/j.​1399-​6576.​2008.​01777.x

	10.	 Kurosaka K, Tsukada S, Seino D, Morooka T, Nakayama H, Yoshiya S (2016) 
Local infiltration analgesia versus continuous femoral nerve block in 
pain relief after total knee arthroplasty: a randomized controlled trial. J 
Arthroplasty 31(4):913–917. https://​doi.​org/​10.​1016/j.​arth.​2015.​10.​030

	11.	 Rasouli MR, Viscusi ER (2017) Adductor canal block for knee surgeries: an 
emerging analgesic technique. Arch Bone Jt Surg. 5(3):131–132

	12.	 Jiang X, Wang QQ, Wu CA, Tian W (2016) Analgesic efficacy of adductor 
canal block in total knee arthroplasty: a meta-analysis and systematic 
review. Orthop Surg 8(3):294–300. https://​doi.​org/​10.​1111/​os.​12268

	13.	 Canbek U, Akgun U, Aydogan NH, Kilinc CY, Uysal AI (2019) Continuous 
adductor canal block following total knee arthroplasty provides a better 
analgesia compared to single shot: a prospective randomized controlled 
trial. Acta Orthopaed Traumatol Turcica. 53(5):334–339. https://​doi.​org/​10.​
1016/j.​aott.​2019.​04.​001

	14.	 Gudmundsdottir S, Franklin JL (2017) Continuous adductor canal block 
added to local infiltration analgesia (LIA) after total knee arthroplasty has 
no additional benefits on pain and ambulation on postoperative day 1 
and 2 compared with LIA alone. Acta Orthop 88(5):537–542. https://​doi.​
org/​10.​1080/​17453​674.​2017.​13421​84

	15.	 Sun C, Zhang X, Song F, Zhao Z, Du R, Wu S, et al. Is continuous catheter 
adductor canal block better than single-shot canal adductor canal 
block in primary total knee arthroplasty?: A GRADE analysis of the 
evidence through a systematic review and meta-analysis. Medicine. 
2020;99(20):e20320. https://​doi.​org/​10.​1097/​MD.​00000​00000​020320.

	16.	 Zhang LK, Zhang BY, Quan RF, Xu H, Sun YJ, Zhou JH (2019) Single shot 
versus continuous technique adductor canal block for analgesia follow-
ing total knee arthroplasty: A PRISMA-compliant meta-analysis. Medicine 
(Baltimore) 98(20):e15539. https://​doi.​org/​10.​1097/​md.​00000​00000​
015539

https://doi.org/10.1186/s43019-023-00188-0
https://doi.org/10.1186/s43019-023-00188-0
https://doi.org/10.1186/s12891-019-2411-9
https://doi.org/10.2106/jbjs.d.02546
https://doi.org/10.2106/jbjs.d.02546
https://doi.org/10.1177/1750458918791121
https://doi.org/10.1302/0301-620x.97b10.36524
https://doi.org/10.1302/0301-620x.97b10.36524
https://doi.org/10.1097/ALN.0b013e318279fa0b
https://doi.org/10.1097/ALN.0b013e318279fa0b
https://doi.org/10.1016/j.jcot.2018.04.017
https://doi.org/10.1213/ANE.0b013e3182285e01
https://doi.org/10.1213/ANE.0b013e3182285e01
https://doi.org/10.1111/j.1399-6576.2008.01777.x
https://doi.org/10.1016/j.arth.2015.10.030
https://doi.org/10.1111/os.12268
https://doi.org/10.1016/j.aott.2019.04.001
https://doi.org/10.1016/j.aott.2019.04.001
https://doi.org/10.1080/17453674.2017.1342184
https://doi.org/10.1080/17453674.2017.1342184
https://doi.org/10.1097/MD.0000000000020320
https://doi.org/10.1097/md.0000000000015539
https://doi.org/10.1097/md.0000000000015539


Page 12 of 12Jabur et al. Knee Surgery & Related Research           (2023) 35:16 

•
 
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 •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

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

	17.	 Shah NA, Jain NA, Panchal KA (2015) Adductor canal blockade following 
total knee arthroplasty-continuous or single shot technique? Role in 
postoperative analgesia, ambulation ability and early functional recovery: 
a randomized controlled trial. J Arthroplasty 30(8):1476–1481. https://​doi.​
org/​10.​1016/j.​arth.​2015.​03.​006

	18.	 Elkassabany NM, Cai LF, Badiola I, Kase B, Liu J, Hughes C et al (2019) 
A prospective randomized open-label study of single injection versus 
continuous adductor canal block for postoperative analgesia after total 
knee arthroplasty. Bone Jt J. 101b(3):340–347. https://​doi.​org/​10.​1302/​
0301-​620x.​101b3.​bjj-​2018-​0852.​r2

	19.	 Huang X, Lin J, Demner-Fushman D (2006) Evaluation of PICO as a knowl-
edge representation for clinical questions. AMIA Annu Symposium Proc 
AMIA Symposium 2006:359–363

	20.	 Thong ISK, Jensen MP, Miró J, Tan G (2018) The validity of pain intensity 
measures: what do the NRS, VAS, VRS, and FPS-R measure? Scand J Pain 
18(1):99–107. https://​doi.​org/​10.​1515/​sjpain-​2018-​0012

	21.	 Hjermstad MJ, Fayers PM, Haugen DF, Caraceni A, Hanks GW, Loge JH et al 
(2011) Studies comparing numerical rating scales, verbal rating scales, 
and visual analogue scales for assessment of pain intensity in adults: a 
systematic literature review. J Pain Symptom Manage 41(6):1073–1093. 
https://​doi.​org/​10.​1016/j.​jpain​symman.​2010.​08.​016

	22.	 Hampton T (2006) Urinary catheter use often “inappropriate” in hospital-
ized elderly patients. JAMA 295(24):2838. https://​doi.​org/​10.​1001/​jama.​
295.​24.​2838

	23.	 Zhang Y, Tan Z, Liao R, Zhou Z, Kang P, Cheng X et al (2018) The pro-
longed analgesic efficacy of an ultrasound-guided single-shot adductor 
canal block in patients undergoing total knee arthroplasty. Orthopedics 
41(5):e607–e614. https://​doi.​org/​10.​3928/​01477​447-​20180​621-​05

	24.	 Lyngeraa TS, Jæger P, Gottschau B, Graungaard B, Rossen-Jørgensen 
AM, Toftegaard I et al (2019) Comparison of the analgesic effect of an 
adductor canal block using a new suture-method catheter vs standard 
perineural catheter vs single-injection: a randomised, blinded, controlled 
study. Anaesthesia 74(11):1397–1405. https://​doi.​org/​10.​1111/​anae.​14814

	25.	 Li JW, Ma YS, Xiao LK (2019) Postoperative pain management in total 
knee arthroplasty. Orthop Surg 11(5):755–761. https://​doi.​org/​10.​1111/​os.​
12535

	26.	 Kim MK, Moon HY, Ryu CG, Kang H, Lee HJ, Shin HY (2019) The analgesic 
efficacy of the continuous adductor canal block compared to continuous 
intravenous fentanyl infusion with a single-shot adductor canal block 
in total knee arthroplasty: a randomized controlled trial. Korean J Pain 
32(1):30–38. https://​doi.​org/​10.​3344/​kjp.​2019.​32.1.​30

	27.	 Turner JD, Dobson SW, Henshaw DS, Edwards CJ, Weller RS, Reynolds JW 
et al (2018) Single-injection adductor canal block with multiple adjuvants 
provides equivalent analgesia when compared with continuous adduc-
tor canal blockade for primary total knee arthroplasty: a double-blinded, 
randomized, controlled, equivalency trial. J Arthroplasty 33(10):3160–
3161. https://​doi.​org/​10.​1016/j.​arth.​2018.​05.​026

	28.	 Lyngeraa TS, Jæger P, Gottschau B, Graungaard B, Rossen-Jørgensen 
AM, Toftegaard I et al (2019) Comparison of the analgesic effect of an 
adductor canal block using a new suture-method catheter vs standard 
perineural catheter vs single-injection: a randomised, blinded, controlled 
study. Anaesthesia 74:1397–1405

	29.	 Lyngeraa TS, Jaeger P, Gottschau B, Graungaard B, Rossen-Jorgensen 
AM, Toftegaard I et al (2019) Comparison of the analgesic effect of an 
adductor canal block using a new suture-method catheter vs standard 
perineural catheter vs single-injection: a randomised, blinded, controlled 
study. Anaesthesia 74(11):1397–1405. https://​doi.​org/​10.​1111/​anae.​14814

	30.	 Gaffney CJ, Pelt CE, Gililland JM, Peters CL (2017) Perioperative pain man-
agement in hip and knee arthroplasty. Orthop Clin N Am 48(4):407–419. 
https://​doi.​org/​10.​1016/j.​ocl.​2017.​05.​001

	31.	 Dimaculangan D, Chen JF, Borzio RB, Jauregui JJ, Rasquinha VJ, Mahesh-
wari AV (2019) Periarticular injection and continuous femoral nerve block 
versus continuous femoral nerve block alone on postoperative opioid 
consumption and pain control following total knee arthroplasty: rand-
omized controlled trial. J Clin Orthop Trauma 10(1):81–86. https://​doi.​org/​
10.​1016/j.​jcot.​2017.​09.​012

	32.	 Danoff JR, Goel R, Sutton R, Maltenfort MG, Austin MS (2018) How much 
pain is significant? defining the minimal clinically important difference for 
the visual analog scale for pain after total joint arthroplasty. J Arthroplasty 
33(7S):S71-S5 e2. https://​doi.​org/​10.​1016/j.​arth.​2018.​02.​029

	33.	 Escobar A, Garcia Perez L, Herrera-Espineira C, Aizpuru F, Sarasqueta C, 
Gonzalez Saenz de Tejada M et al (2013) Total knee replacement; minimal 
clinically important differences and responders. Osteoarthr Cartil. 
21(12):2006–2012. https://​doi.​org/​10.​1016/j.​joca.​2013.​09.​009

	34.	 Laigaard J, Pedersen C, Ronsbo TN, Mathiesen O, Karlsen APH (2021) Mini-
mal clinically important differences in randomised clinical trials on pain 
management after total hip and knee arthroplasty: a systematic review. 
Br J Anaesth 126(5):1029–1037. https://​doi.​org/​10.​1016/j.​bja.​2021.​01.​021

	35.	 Joshi G, Gandhi K, Shah N, Gadsden J, Corman SL (2016) Peripheral nerve 
blocks in the management of postoperative pain: challenges and oppor-
tunities. J Clin Anesth 35:524–529. https://​doi.​org/​10.​1016/j.​jclin​ane.​2016.​
08.​041

	36.	 Nielsen KC, Klein SM, Steele SM. Femoral nerve blocks. Techniques in 
regional anesthesia and pain management. 2003;7(1):8–17. https://​doi.​
org/​10.​1053/​trap.​2003.​123518.

	37.	 Mears SC, Edwards PK, Barnes CL (2016) How to decrease length of hospi-
tal stay after total knee replacement. J Surg Orthop Adv 25(1):2–7

	38.	 Carvalho Júnior LH, Temponi EF, Paganini VO, Costa LP, Soares LF, Gon-
çalves MB. Reducing the length of hospital stay after total knee arthro-
plasty: influence of femoral and sciatic nerve block. Rev Assoc Med Brasil 
(1992). 2015;61(1):40–3. https://​doi.​org/​10.​1590/​1806-​9282.​61.​01.​040.

	39.	 Egeler C, Jayakumar A, Ford S (2014) Adductor canal block is useful but 
does not achieve a complete block of the knee. Reg Anesth Pain Med 
39(1):81–82. https://​doi.​org/​10.​1097/​aap.​00000​00000​000027

	40.	 Kim K, Elbuluk A, Yu S, Iorio R (2018) Cost-effective peri-operative pain 
management: assuring a happy patient after total knee arthroplasty. 
Bone Jt J. 100-b(1 Suppl A):55–61. https://​doi.​org/​10.​1302/​0301-​620x.​
100b1.​bjj-​2017-​0549.​r1

	41.	 Kaye AD, Baluch A, Scott JT (2010) Pain management in the elderly popu-
lation: a review. Ochsner J 10(3):179–187

	42.	 Muravchick S (1998) The effects of aging on anesthetic pharmacology. 
Acta Anaesthesiol Belg 49(2):79–84

	43.	 Watkins LR, Maier SF, Goehler LE (1995) Immune activation: the role 
of pro-inflammatory cytokines in inflammation, illness responses and 
pathological pain states. Pain 63(3):289–302. https://​doi.​org/​10.​1016/​
0304-​3959(95)​00186-7

	44.	 McVinnie DS (2013) Obesity and pain. Br J Pain 7(4):163–170. https://​doi.​
org/​10.​1177/​20494​63713​484296

	45.	 Hebbes CP, Thompson JP (2018) Pharmacokinetics of anaesthetic drugs 
at extremes of body weight. BJA Educ 18(12):364–370. https://​doi.​org/​10.​
1016/j.​bjae.​2018.​09.​001

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

https://doi.org/10.1016/j.arth.2015.03.006
https://doi.org/10.1016/j.arth.2015.03.006
https://doi.org/10.1302/0301-620x.101b3.bjj-2018-0852.r2
https://doi.org/10.1302/0301-620x.101b3.bjj-2018-0852.r2
https://doi.org/10.1515/sjpain-2018-0012
https://doi.org/10.1016/j.jpainsymman.2010.08.016
https://doi.org/10.1001/jama.295.24.2838
https://doi.org/10.1001/jama.295.24.2838
https://doi.org/10.3928/01477447-20180621-05
https://doi.org/10.1111/anae.14814
https://doi.org/10.1111/os.12535
https://doi.org/10.1111/os.12535
https://doi.org/10.3344/kjp.2019.32.1.30
https://doi.org/10.1016/j.arth.2018.05.026
https://doi.org/10.1111/anae.14814
https://doi.org/10.1016/j.ocl.2017.05.001
https://doi.org/10.1016/j.jcot.2017.09.012
https://doi.org/10.1016/j.jcot.2017.09.012
https://doi.org/10.1016/j.arth.2018.02.029
https://doi.org/10.1016/j.joca.2013.09.009
https://doi.org/10.1016/j.bja.2021.01.021
https://doi.org/10.1016/j.jclinane.2016.08.041
https://doi.org/10.1016/j.jclinane.2016.08.041
https://doi.org/10.1053/trap.2003.123518
https://doi.org/10.1053/trap.2003.123518
https://doi.org/10.1590/1806-9282.61.01.040
https://doi.org/10.1097/aap.0000000000000027
https://doi.org/10.1302/0301-620x.100b1.bjj-2017-0549.r1
https://doi.org/10.1302/0301-620x.100b1.bjj-2017-0549.r1
https://doi.org/10.1016/0304-3959(95)00186-7
https://doi.org/10.1016/0304-3959(95)00186-7
https://doi.org/10.1177/2049463713484296
https://doi.org/10.1177/2049463713484296
https://doi.org/10.1016/j.bjae.2018.09.001
https://doi.org/10.1016/j.bjae.2018.09.001

	The effects of continuous catheter adductor canal block for pain management in knee replacement therapy: a meta-analysis
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Background
	Materials and methods
	Search methods
	Inclusion criteria
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Participants
	Effect on outcome variables

	Discussion
	Anchor 18
	References


