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Abstract
Purpose The methods for pain control after total knee
arthroplasty (TKA) vary and have been extensively studied
in recent years. Femoral nerve block (FNB) is used as the
standard method due to its effective pain control following
TKA, but it may weaken the quadriceps strength. Adductor
canal block (ACB) is a newly developing analgesic protocol
with fast functional recovery and good pain control after
TKA. A meta-analysis was conducted to try to find out if
ACB is better than FNB in pain treatment and joint functional
recovery after TKA.
Methods The databases PubMed, Web of Science,
Embase, and Cochrane Library were systematically
searched. Of 66 records identified, eight randomised
controlled trials (RCT) involving 434 patients (504
knees) were eligible for data extraction and meta-
analysis according to criteria included.

Results Meta-analysis showed that ACB can significantly de-
crease visual analogue scale (VAS) score at rest within eight
hours (p<0.001) and at 24 hours (p<0.001) after operation
compared to FNB after TKA, and improve quadriceps
strength (p<0.001) and mobilization ability (p<0.001). How-
ever, the differences in VAS score at rest at 48 hours, VAS
score with activity within two days after operation, opioid
consumption, hip adductor strength, patient satisfaction, and
tourniquet times were not significant between the two groups.
Conclusion ACB provide better ambulation ability, faster
functional recovery and better pain control at rest after TKA
compared to FNB. The use of ACB post TKA is worthy of
being recommended to replace FNB as a standard analgesic
protocol for pain treatment after TKA.

Keywords Total knee arthroplasty . Femoral nerve block .

Adductor canal block .Meta-analysis

Introduction

Total knee arthroplasty (TKA) is an effective and satisfactory
surgery to treat end-stage knee arthritis [1]. However, patients
following TKA usually suffer a lot from undesirable pain [2].
Analgesia used for patients with TKA post-operatively are
various, such as neuraxial procedures, local anaesthetic infil-
tration, nerve blockade and so on. Femoral nerve block (FNB)
is one of the most commonly used nerve blockade methods,
which has been proven to be effective in reducing the usage
rate of opioid painkiller and shortening hospital stays [3].
However, FNB may lower the quadriceps strength, delay pa-
tients’ post-operative activity time and increase the risk of
falling [4].

Adductor canal block (ACB) is another analgesia and
has developed gradually in recent years, which attracted
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extensive attention due to its higher successful pain con-
trol rate and lower complication incidence after TKA in
the latest studies [5–7]. The adductor canal is a cavity
surrounded by the sartorius muscle, medial femoral
muscle, and the adductor muscles. ACB could relieve
pain without compromising motor function through
blocking the saphenous nerve which is the terminal sen-
sory branch of the femoral nerve [5, 6]. Several recent
randomized controlled trials (RCT) found that patients
with ACB could suffer less pain at rest or during knee
flexion, and were at decreased risk of compromising
quadriceps strength and consumed less opioid painkiller
after operation [7, 8].

Choosing an effective and safe analgesia is necessary to
accelerate patients’ recovery after the surgery. Therefore, in
the present study, we are aimed at determining whether ACB
makes a better performance for post-operative pain control
and functional recovery for patients after TKA compared with
FNB.

Materials and methods

Search strategy

We identified randomized controlled trials from 1974 to 2nd
May 2015 by searching databases including PubMed, Web of
Science, Embase and Cochrane Library using the following
terms: (total knee arthroplasty or total knee replacement)
AND (adductor canal block or saphenous nerve block) AND
(femoral nerve block). In addition, the reference lists of review
articles, all reports and additional trials are also included by
manual search.

Inclusion criteria

RCTs that compared the analgesic effect of ACB with
FNB for TKAs were included. Given that ACB was
also sometimes mentioned as saphenous nerve block,
RCTs which compared saphenous nerve block with
FNB were also included. The dosages and types of an-
aesthesia drug administrated were not limited. Eligible
studies were selected based on criteria aforementioned
by two reviewers. Any disagreement between them
was resolved by consensus.

Data extraction

We extracted the following data from the included articles:
publishing date, location of study, numbers of patients in each
group, demographic data of participants including age, gen-
der, indication for TKA, dosages and kinds of anaesthesia
drug administrated, primary outcomes including visual analog

scale (VAS) scores at rest and at an active flexion of knee
which were evaluated within the first post-operative 48 hours;
secondary outcomes containing opioid consumption within
the first post-operative 24 hours; third outcomes including
the quadriceps strength and hip adductor strength within the
first post-operative 24 hours and mobilization ability (TUG
test); and fourth outcomes containing patient satisfaction and
tourniquet times. If necessary, we attempted to contact the
author of the original reports to obtain further details. The data
extraction was made by two reviewers. Likewise, any dis-
agreement between them was resolved by consensus.

Study quality

Each study that was included in the analysis was assessed
independently by each author. The assessment was performed
using the modified Jadad scale for systematic reviews [9].
Studies achieving a score of ≥4 points were considered to be
of high quality.

Statistical analysis

Review Manager Software (Revman 5.3, Cochrane Collabo-
ration, Oxford, United Kingdom) was used for the meta-anal-
ysis. The continuous variable outcomes (VAS pain scores
within the first post-operative 48 hours, opioid usage within
the first post-operative 24 hours, the quadriceps strength and
hip adductors within the first post-operative 24 hours and
TUG test within the first post-operative 24 hours) for meta-
analysis were presented as mean difference (MD) and with
95 % confidence interval (95 % CI) while dichotomous out-
comes presented as odds ratio (OR) with 95 % CI. Heteroge-
neity among the studies was evaluated using the I² statistic and
chi-squared test. Sensitivity analysis was performed to explore
the impact of an individual study by deleting one study each
time. Publication bias was visually examined by funnel plots.

Results

Search results

Initially, 66 records were identified from databases.
Among them, 45 articles were excluded from primary
screening. The remaining 21 were screened secondly to
obtain potentially eligible articles. Finally, only 13 RCTs
comparing ACB or saphenous nerve block with FNB were
included. Unexpectedly, two works were excluded because
of lack of original data and another three articles were
excluded for being case control studies [10–12]. At last,
eight articles were found to fulfill the inclusion criteria
[13–20] (Fig. 1), which were similar to each other
concerning basic characteristics (Table 1). A total of 434
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patients (504 knees) were included in the eight trials: 249
patients (249 knees) in the ACB group, and 255 patients
(255 knees) in the FNB group. The eight articles were
assessed independently using the modified Jadad scale
(minimum of four points and maximum of seven points,
the average score was 6.5 points, Table 2).

VAS score at rest

Five studies with 418 knees showed VAS score within 8 h
post-operatively, and a significant difference was found be-
tween the ACB and the FNB groups (MD=−0.17; 95 %CI,
−0.27 to −0.07; Fig. 2). Five studies with 418 knees showed

Fig. 1 Flow chart of study
selection

Table 1 Characteristics of
included studies Study Study design Study location Sample size Mean age Sex (male/female)

Memtsoudis (2015) RCT USA 59 64.4 26/33

Grevstad (2015) RCT Denmark 49 64.5 15/35a

Zhang (2014) RCT China 60 62.8 14/46

Kim (2014) RCT USA 93 67.8 40/53

Kwofie (2013) RCT USA 16 29 NR

Jaeger1 (2013) RCT Denmark 48 68 19/31a

Jaeger2 (2013) RCT Denmark 11 24 11/0

Nilen (2014) RCT India 98 67.1 27/71

RCT randomized controlled trial, NR not reported
a Some cases were lost during original study
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VAS score at 24 hours post-operatively. Meta-analysis showed
that ACB had lower VAS score than the FNB group (MD=
−0.41; 95 % CI, −0.53 to −0.29; Fig. 2). Only four studies with
369 knees reported the VAS score at 48 hours post-operatively.
Meta-analysis revealed no significant differences between the
two groups (MD=−0.06; 95 %CI, −0.15 to 0.03; Fig. 2).

VAS score with activity

Only three studies with 227 knees showed VAS score with
activity within six hours post-operatively. No significant dif-
ference was found between the ACB and the FNB group
(MD=0.00; 95%CI, −0.09 to 0.09; Fig. 3). Three studies with
226 knees reported VAS score at 24 hours with activity post-

operatively and the results were similar in the two groups
(MD=0.04; 95%CI, −0.11 to 0.20; Fig. 3).We included three
studies with 276 knees that reported VAS score at 48 hours
with activity post-operatively. The difference showed no sta-
tistical significance in the two groups (MD=−0.08; 95 % CI,
−0.18 to 0.03; Fig. 3).

Opioid consumption

Three studies with 190 knees assessed opioid consumption at
24 hours post-operatively. The combined data showed no sig-
nificant difference between the two groups (MD=−1.42;
95 %CI, − 8.41 to 5.58; Fig. 4).

Table 2 Modified Jadad score

Study Randomization Concealment of allocation Double blinding Total withdrawals and dropouts Total

Memtsoudis (2015) ** * ** * 6

Grevstad (2015) ** ** ** * 7

Zhang (2014) * * * * 4

Kim (2014) ** ** ** * 7

Kwofie (2013) ** ** ** * 7

Jaeger1 (2013) ** ** ** * 7

Jaeger2 (2013)
Nilen (2014)

**
**

**
**

**
**

*
*

7
7

Each asterisk represents one point. Modified Jadad score was used to evaluate the quality of articles, and studies achieving a score of ≥4 points were
considered to be of high quality

Fig. 2 Forest plot analyses of VAS pain scores at rest within post-operative 48 hours
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Muscle strength

We use the quadriceps maximum voluntary isometric contrac-
tion (MVIC) to evaluate the quadriceps strength. Four studies
with 135 knees showed quadriceps MVIC post-operatively.
But the age of the patients revealed a big difference, so we
divided patients into two subgroups: a younger group
(<60 years old) and an older group (>60 years old). Meta-
analysis showed that degree of knee flexion in the ACB group
was much bigger than in the FNB group in both the younger
group (MD=37.46; 95 % CI, 12.27–62.24; Fig. 5) and the
older group ((MD=32.63; 95 % CI, 6.72–58.99; Fig. 5).

Four studies with 135 knees showed hip adductor strength
post-operatively and we also divided them into a younger and
an older group. Meta-analysis showed that the degrees
abducted in the operated leg were not significantly different
in the younger group (MD=1.51; 95 % CI, –0.12 to 3.15;
Fig. 6) and older group (MD=−4.87; 95 % CI, −16.13 to
6.38; Fig. 6).

Mobilization ability (TUG test)

Four studies with 217 knees showed TUG test post-operative-
ly. But the age of the patients also revealed a big difference so
we divided them into a younger and an older group.We found
that the time cost in the ACB group was less than the FNB
group both in the younger group (MD=−5.1; 95 % CI, −6.65
to −3.35; Fig. 7) and the older group (MD=−15.84; 95 %CI,
−29.24 to −2.43; Fig. 7).

Patient satisfaction

Two studies with 211 knees assessed patient satisfaction at
eight hours and at 24 hours post-operatively. The combined
data showed no significant difference at eight hours between
the two groups (MD=0.17; 95 %CI, − 0.09 to 0.43), while the
difference at 24 hours had statistical significance (MD=−0.63;
95 % CI, −1.18 to −0.07; Table 3).

Fig. 3 Forest plot analyses of VAS pain scores with activity within post-operative 48 hours

Fig. 4 Forest plot analyses of opioid consumption within post-operative 24 hours
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Tourniquet time

Another two studies with 167 knees reported the tourniquet
times post-operation. Meta-analysis revealed no significant
differences between the two groups (MD=−0.28; 95 %CI,
−4.07 to 4.63; Table 3).

Discussion

This meta-analysis was conducted try to find out if ACB is
better than FNB in pain treatment and joint functional recov-
ery, and it analyses which one is more available to be used
after TKA. In the previous studies, the ACB was proven to be
equivalent to the saphenous block [5, 21]. A recent meta-
analysis [6] showed that saphenous nerve block has a good
effect on pain relief both during activity and at rest after knee
surgery. The FNB, which was supposed to be the standard
method for post-operative pain treatment after TKA, had some
severe side effects, such as reducing quadriceps muscle
strength, delaying mobilization [13, 20] and being associated

with the risk of falling [22]. The ACB, however, was not
shown to have these side effects.

In our meta-analysis, the ACB group had lower pain scores
in the early period of post-operation (<24 h) at rest compared
to the FNB group, but the difference at 48 hours had no sta-
tistical significance. In forest plot, the I² was greater than
50 %, which means heterogeneity test shows a statistical sig-
nificance. From the related trials [13–17], the heterogeneity
may be caused by several reasons. First, the different race of
the cases. Two trials came from Asia and six were from Eu-
rope or America. Second, two trials were bilateral TKA, while
six trials were unilateral TKA, which may have an effect on
the VAS scores. Third, mean age was different in the included
articles. Fourth, in some of the studies, we need to estimate the
mean and variance from the median, range, and the size of a
sample (range= maximum–minimum). In the study of Hozo
et al. [23], median can be used to estimate mean when the
sample size is larger than 25. When sized samples were mod-
erate (15<n ≤70), the formula range/4 is the best estimator for
the standard deviation. For large samples (n>70), the formula
range/6 gives the best estimator for the standard deviation;
thus, it may influence our results.

Fig. 5 Forest plot analyses of quadriceps strength. Quadriceps maximum voluntary isometric contraction was used to test quadriceps strength

Fig. 6 Forest plot analyses of hip adductors muscle strength. The degrees abducted in the operated leg were used to test adductors muscle strength

930 International Orthopaedics (SICOT) (2016) 40:925–933



The quadriceps strength and TUG(s) test results in the
ACB group after operation were much better than that in the
FNB group both in the younger group and the older group. In
fact, there were many other comparisons used in the articles
that can evaluate the quadriceps strength and mobilization
ability. For example, quadriceps strength can be estimated
by using a manual muscle test with a standardised 0–5
motor-strength scale, and the quadriceps strength was better

in the ACB group [14, 17]. Furthermore, in the study of Kim
et al. [15], the patient’s quadriceps strength was assessed by a
neurologic exam, based on a 12-point scale, and the results
were also better in the ACB group.

According to Jenstrup et al. [24], the ACB may provide
unwanted analgesia by blocking these obturator fibres in ad-
dition to the femoral articular branches. But, in our meta-anal-
ysis, there were no differences in the two subgroups. Our

Fig. 7 Forest plot analyses of mobilization ability. TUG test(s) was used to test mobilization ability

Table 3 Results of meta-analysis
Outcomes Studies Number of knees MD (95 % CI) Heterogeneity(I²)

VAS score at rest

0–8 h 5 418 −0.17 (−0.27.−0.07) 85 %

24 h 5 417 −0.41 (−0.53,−0.29) 93 %

48 h 4 369 −0.06 (−0.15,0.03) 0 %

VAS score with activity

0–6 h 3 227 −0.00 (−0.09,0.09) 0 %

24 h 3 226 0.04 (−0.11.0.20) 67 %

48 3 276 −0.08 (−0.18,0.03) 34.4 %

Opioid consumption 3 190 −1.42 (−8.41,5.58) 0 %

Quadriceps strength 99 %

Younger group (<60 years) 2 38 37.46 (12.27,62.24) 95 %

Older group (>60 years) 2 97 32.63 (6.72,58.99) 96 %

Hip adductor strength

Younger group (<60 years) 2 38 1.51 (−0.12,3.15) 0 %

Older group (>60 years) 2 97 −4.87 (−16.13,6.38) 80 %

TUG test(s)

Younger group (<60 years) 1 22 −5.1 (−6.65,−3.35) Not applicable

Older group (>60 years) 4 217 −15.84 (−29.24,−2.43) 81 %

Patient satisfaction

8 h 2 211 0.17 (−0.09, 0.43) 0 %

24 h 2 211 −0.63 (−1.18, −0.07) 0 %

Tourniquet times 2 167 0.28 (−4.07, 4.63) 0 %

ACB adductor canal block, FNB femoral nerve block, TKA total knee arthroplasty,MDmean difference, 95 %CI
95 % confidence interval

I² >50 % means the heterogeneity test revealed a statistical significance
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results suggested that the ACB would not weaken the adduc-
tor muscle.

Besides the TUG test, there were many other methods for
evaluating mobilization ability and similarly better results
were seen in the ACB group too, with methods such as a ten
metre walk test (s), 30 second chair test [20] and ambulation
distance at discharge [10–12, 25].

VAS scores with activity in the two groups were similar
and the opioid consumption also showed no difference. Pa-
tient satisfaction score in the two groups at eight hours after
operation had no difference, while the score in the FNB group
was higher at 24 hours. But only two trials were analysed and
the combined data may produce bias, so we can’t consider the
FNB as better. What’s more, FNB didn’t show any advantage
compared with ACB for the rate of complications [15], hos-
pital stays [15], and tourniquet times. These results may be
influenced by the limited cases, but in our study, we can’t
support the hypothesis that the FNB has any advantages in
these fields.

According to Lund et al. [20, 26], ACB is a sensory block
and theoretically it has no adverse effects on the motor func-
tion of joint. Our results demonstrate that patients with ACB
had better post-operative outcomes of ambulation ability and
early functional recovery such as the quadriceps strength and
TUG test, in comparison to FNB after TKA. Traditionally,
FNB is considered as the standard for analgesia, providing
optimal pain relief after TKA [27, 28]. However, in our study,
the difference in VAS scores with activity between the FNB
group and the ACB group was not significant, while the VAS
scores at rest were better in ACB. So, adopting ACB for pa-
tients undergoing TKA could achieve better satisfactory pain
control compared with FNB.

There are several limitations to our study. First, there were
only eight trials and 504 knees were included in our study,
which seemed relatively small and may be the reason that
there were no differences in several results of comparison,
such as the VAS score with activity and opioid consumption.
Furthermore, funnel plots were not available because of lim-
ited eligible studies, which haven’t shown any significance
because of the limited cases. Second, the anaesthesia methods
in these trials were different, which may influence the post-
operative pain scores. Third, besides the ACB or FNB, many
other analgesia methods were used in different trials, which
may produce some bias too. Fourth, we just analysed the
short-term effects after operation and didn’t know what the
difference may be in the long run. Thus, further research
should be done.

Conclusion

ACB provide better ambulation ability, faster functional re-
covery and better pain control at rest after TKA compared to

FNB. The use of ACB post TKA is worthy of being recom-
mended to replace FNB as a standard method for post-
operative pain treatment after TKA.
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