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opioid-associated adverse effects (p = 0.60), length of hos-
pital stay (p =  0.42), patient satisfaction (p =  0.57), and 
success rate of blockade (p = 0.20).
Conclusions  The present study suggests that TKA patients 
who receive ACB can achieve similar or even better recov-
ery of quadriceps strength and mobilization ability than 
those treated with FNB. Taken as a whole, ACB may be a 
better analgesia strategy after TKA at present.

Keywords  Femoral adductor canal block · Femoral nerve 
block · Analgesia · Total knee arthroplasty · Systematic 
review · Meta-analysis

Introduction

Total knee arthroplasty (TKA) is a common and safe sur-
gical procedure typically used for relief of symptoms in 
patients with severe knee osteoarthritis [1]. Despite a com-
prehensive multimodal analgesic regimen, 25–40 % of the 
patients that receive TKA will experience a severe move-
ment-related pain in the first or second postoperative day 
[2]. Severe pain not only excruciates the patients, but also 
hinders mobilization, which may result in an increased risk 
of immobility-associated complications. Therefore, optimal 
pain relief is of great importance for functional recovery 
after TKA.

Many studies have indicated that the clinical efficacy of 
a peripheral nerve block is better than intravenous patient-
controlled analgesia using opioids and epidural analge-
sia due to its shorter functional recovery time as well as a 
lower risk of adverse effects [3, 4]. As a typical example 
of the peripheral nerve block method, femoral nerve block 
(FNB) is a well-established analgesia strategy after TKA 
and considered by many to be the standard method [3–5]. 

Abstract 
Purpose  Although several studies have compared the clini-
cal efficacy of an adductor canal block (ACB) to that of a 
femoral nerve block (FNB) for analgesia after total knee 
arthroplasty (TKA), disputes mainly exist in the recovery 
of quadriceps strength and mobilization ability between the 
two methods. The aim of the present study was to compare, 
in a systematic review and meta-analysis, the clinical effi-
cacy of ACB with that of FNB.
Methods  We systematically searched randomized con-
trolled trials comparing FNB with ACB for analgesia after 
TKA in Pubmed and the Cochrane Library from incep-
tion to April 30th 2015. There was no limitation of pub-
lication language. Trial quality was assessed using the 
modified Jadad scale, and eligible data were pooled for 
meta-analysis.
Results  Five studies of 348 patients were included. Out-
comes showed that patients who received ACB had similar 
or better recovery of quadriceps strength and mobilization 
ability than those that underwent FNB. Similar efficacy 
was found between the two strategies regarding adduc-
tor strength, pain scores [at rest (p  =  0.86), at or after 
knee flexion (p = 0.31)], opioid consumption (p = 0.99), 
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However, patients that receive FNB usually suffer from a 
substantial reduction in quadriceps muscle strength [6, 7], 
which leads to the elevated risk of a postoperative fall [8].

To avoid the risk of postoperative falls, adductor canal 
block (ACB) has recently been used for TKA. Due to the 
fact that ACB mainly targets the sensory nerves rather than 
the nerve to the vastus medialis, its influence on quadriceps 
muscle strength is lower than that of FNB [9–11]. In addi-
tion, ACB can effectively reduce postoperative pain and 
morphine consumption compared with placebo after TKA 
[12, 13].

Considering the anatomical evidence, it is not surpris-
ing that ACB may be superior to FNB. However, outcomes 
of the previous studies comparing ACB with FNB did not 
completely support the above evidence. Although definite 
outcomes were conveyed from published studies regarding 
the similar pain relief between ACB and FNB [14–19], dis-
putes still exist over many aspects of the efficacy between 
the two methods. Taking recovery of quadriceps strength 
and mobilization ability as examples, Kim and Memtsoudis 
et al. [14, 18] found no significant difference of quadriceps 
strength between ACB and FNB, while other authors [15, 
16, 19] indicated that quadriceps strength after ACB was 
significantly higher than that observed in FNB groups. In 
addition, Grevstad et al. [15] and Shah et al. [17] concluded 
that the mobilization ability assessed by the Timed-Up-and-
Go test (refers to the time taken for a person to rise from 
a chair, walk three meters, turn around, walk back to the 
chair, and finally sit down), was significantly better in the 
ACB group than in the FNB group. However, Jæger et al. 
[19] reported no significant difference of TUG test outcome 
between the two groups.

In addition to the above disputes, it should be noted 
that the sample size of these studies was limited (ranging 
from 48 to 98 patients), which may affect the accuracy of 
relevant conclusions. Therefore, the present controversies 
between FNB and ACB as well as the limited sample size 
of current studies necessitate an evidence-based study.

Therefore, the aim of the present study was to compare, 
from the perspective of a systematic review with meta-
analysis pooling of outcomes with small sample size into 
a larger one, the clinical efficacy of ACB with that of FNB 
for analgesia after TKA.

Materials and methods

Study design and search strategy

All the published randomized controlled trials (RCTs) com-
paring FNB with ACB for TKA analgesia were searched in 
PubMed and Cochrane Library by two independent review-
ers with no time frame restrictions. A structured search 

was performed using the following search string: “femo-
ral nerve block” OR “adductor canal block”. There was no 
limitation of publication language.

Eligibility criteria

Only RCTs comparing FNB with ACB for analgesia after 
TKA were taken into consideration. Cohort studies, clinical 
controlled trials, and case reports were excluded. Subjects 
eligible for participation were elderly patients who had 
undergone unilateral or bilateral primary TKA and had pro-
vided a written informed consent.

Study identification

Two reviewers independently screened the titles of all the 
articles obtained. Any study that was potentially relevant to 
the topic would be reviewed first for its abstract and eventu-
ally by its full text if inadequate information was acquired 
from the abstract. A third reviewer would be consulted for 
a final decision if any disagreement on eligibility existed 
between the first two reviewers.

Methodological quality appraisal

Study methodological assessment was conducted using the 
modified Jadad scale [20], an eight-item scale designed to 
evaluate randomization, blinding, withdrawals and drop-
outs, inclusion and exclusion criteria, adverse effects, and 
statistical analysis (Table 1). The score for each trial ranges 
from 0 (lowest quality) to 8 (highest quality). Scores of 4–8 
denote good to excellent (high quality) and 0–3 equate to 
poor or low quality. The critical appraisal was conducted 
by two independent reviewers and discrepancy was solved 
by discussion.

Outcome measures

Main outcome measures included quadriceps strength, 
adductor strength, mobilization ability, and pain scores 
at rest or after mobilization. Secondary outcomes were 
cumulative opioid consumption, opioid-associated adverse 
effects, length of hospital stay, patient satisfaction, and suc-
cess rate of the blockade.

Statistical analysis

Statistical heterogeneity was evaluated using I2 statistics, 
complying with Quality of Reporting of Meta-Analyses 
(QUOROM) guidelines [21], which describe the percent-
age of total variation across studies that is due to hetero-
geneity rather than chance. I2 can be readily calculated 
from basic results obtained from a typical meta-analysis 
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as I2 = 100 % × (Q–df)/Q, where Q is Cochrane’s hetero-
geneity statistic and df represents the degrees of freedom 
[22]. Substantial heterogeneity exists when I2  >  50  %. A 
random-effects model was adopted for all the comparisons 
of meta-analysis irrespective of the p value of the heteroge-
neity test. Dichotomous data were presented as relative risk 
(RR) and continuous variables as mean difference (MD), 
both with 95  % confidence intervals (CIs). The meta-
analysis was performed by Review Manager 5.3 software 
(Cochrane Collaboration, Oxford, UK). A p value of ≤0.05 
was considered statistically significant.

Results

Study characteristics and methodological quality 
assessment

The search procedures and search outcomes were listed 
in Fig.  1. Altogether, six RCTs [14–19] with a total of 
408 patients initially met all the inclusion criteria. Spe-
cific scores of the included RCTs are shown in Table  2, 
indicating that most of the studies achieved a high quality 
according to the current rating system. The main problem 
in three of the six studies was the neglect of the method 
used to assess adverse effects [14–16], which might have 
caused biases. Considering that the score of methodologi-
cal assessment of the study performed by Zhang et al. [16] 
was comparatively low, we decided it was not qualified for 
the present study. Therefore, a total of five RCTs [14, 15, 

17–19] with a total of 348 patients were ultimately included 
for analysis. One RCT [14], which compared the efficacy 
of the two methods in patients undergoing bilateral TKA 
to settle the interpatient variability, was also included. Gen-
eral characteristics of the five RCTs are listed in Table 3.  

Primary outcomes

Quadriceps strength

A total of four studies [14, 15, 18, 19] used two different 
types of scales to compare quadriceps strength between 
the two groups (maximum voluntary isometric contraction 
(MVIC) and Lafayette Manual Muscle Test System). How-
ever, only two studies could be pooled for meta-analysis 
[14, 18], and outcomes showed no significant differences 
of quadriceps strength between the ACB group and FNB 
group at 6–8, 24, or 48 h, postoperatively (Fig. 2).

Adductors strength

Two studies reported the adductors strength after block [15, 
19] and both of them showed no significant differences of 
adductors strength between the two groups. Grevstad et  al. 
[15] reported a median change of adductors MVIC from 
baseline of 139 % in the FNB group, compared with 107 % in 
the ACB group (estimated difference: 21 %, p = 0.06). Simi-
larly, Jæger et al. [19] found that the mean adductors MVIC 
was 71 % of baseline data in the FNB group, compared with 
78 % in the ACB group (mean difference: 7 %, p = 0.39).

Table 1   Modified Jadad scale 
with eight items

a  Double-blind RCTs 1 score; single-blind RCTs 0.5 score

Item assessed Response Score

Was the study described as randomized? Yes +1

No 0

Was the method of randomization appropriate? Yes +1

No −1

Not described 0

Was the study described as blinded?a Yes +1

No 0

Was the method of blinding appropriate? Yes +1

No −1

Not described 0

Was there a description of withdrawals and dropouts? Yes +1

No 0

Was there a clear description of the inclusion/exclusion criteria? Yes +1

No 0

Was the method used to assess adverse effects described? Yes +1

No 0

Was the method of statistical analysis described? Yes +1

No 0
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Mobilization ability

Three studies [15, 17, 19] investigated patient mobiliza-
tion ability after the use of ACB or FNB. Two reports 
showed that ACB was superior to FNB in this aspect. 
Grevstad et al. [15] reported that at 2 h after block, a total 

of seven patients in the FNB group could not perform the 
TUG test. However, all of the patients in the ACB group 
could do the test. Likewise, Shah et  al. [17] found that 
six patients in the FNB group were not willing to do the 
ambulation test, whereas all patients in the ACB group 
performed the test.

Fig. 1   Flow chart of eligibility 
selection

Table 2   Methodological assessment of eligible studies using the modified Jadad scale

√ yes, × no, ? not described

Item assessed Jæger et al. [19] Kim et al. [18] Shah et al. [17] Zhang et al. [16] Grevstad et al. [15] Memtsoudis et al. [14]

Was the study described as 
randomized?

√ √ √ √ √ √

Was the method of rand-
omization appropriate?

√ √ √ ? √ √

Was the study described as 
blinded?

√ √ √ × √ √

Was the method of blinding 
appropriate?

√ √ ? ? √ √

Was there a description of 
withdrawals and drop-
outs?

√ √ √ × √ √

Was there a clear descrip-
tion of the inclusion/
exclusion criteria?

√ √ √ √ √ √

Was the method used to 
assess adverse effects 
described?

√ √ √ × × ×

Was the method of statisti-
cal analysis described?

√ √ √ √ √ √

Total score 8 8 7 3 7 7
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In addition, Grevstad et  al. [15] found that patients 
in the ACB group performed the TUG test signifi-
cantly faster than those in the FNB group (32 vs 52  s, 
p  =  0.001), which was supported by the findings of 
Shah et al [17] (p < 0.001). However, Jæger et al. [19] 
reported no statistical difference regarding the time 
to performing the TUG test between the two groups 
(p = 0.59).

Pain scores at rest

Four studies [14, 17–19] reported pain scores at rest at 24 h 
postoperatively. However, no significant difference was 
identified between the two methods [MD = 0.24, 95 % CI 
(−2.52, 3.00), p = 0.86] (Fig. 3). In addition to the above 
four studies, Grevstad et al. [15] reported pain scores at rest 
at 2 h postoperatively, which also showed insignificant dif-
ference between the two groups (9 vs 9 mm).

Pain scores at or after knee flexion

Three studies [14, 17, 19] reported pain scores at or after 
knee flexion at 24  h postoperatively, with no statistical 
difference between the two groups [MD  =  4.10, 95  % 
CI (−3.86, 12.05), p = 0.31] (Fig. 4). In addition, Grevs-
tad et al. [15] and Jæger et al. [19] compared pain scores 
between the two groups at 45-degree passive knee flexion, 
which also revealed no statistical differences.

Secondary outcomes

Opioid consumption

Two studies [18, 19] reported opioid consumption at 24 h 
postanesthesia, with no significant difference between 
the two groups [MD  =  −0.03, 95  % CI (−7.38, 7.31, 
p =  0.99)] (Fig.  5). Kim et  al. [18] also reported opioid 

Fig. 2   Quadriceps strength after treatment of the ACB group and 
FNB group, respectively (evaluated by Lafayette Manual Muscle Test 
System). Forest plot showed no significant differences between the 

two methods at 6–8 h (p = 0.25), 24 h (p = 0.87), or 48 h (p = 0.24) 
postoperatively

Fig. 3   Pain scores at rest between the ACB group and FNB group at 24 h postoperatively. Pooled outcome of four studies showed no significant 
difference between the two groups (p = 0.86)
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consumption at 48 h postanesthesia and the outcome also 
revealed no statistical difference between the ACB group 
and FNB group.

Opioid‑associated adverse effects

Opioid-associated adverse effects reported in the included 
RCTs contained nausea and sedation, vomiting, and knee 
buckling (flexional deformity). Two studies [17, 18] com-
pared the incidence of nausea and sedation between ACB 

and FNB, however, no significant difference was identified 
between the two groups [RR = 1.20, 95 % CI (0.61, 2.34), 
p =  0.60] (Fig.  6). Similarly, Jæger et  al. [19] also indi-
cated no statistical differences of adverse effects caused by 
opioids between ACB and FNB subjects.

Length of hospital stay

Two studies [17, 18] compared length of hospital stay 
between the two groups and no significant difference was 

Fig. 4   Pain scores at or after knee flexion between the ACB group and FNB group at 24 h postoperatively. Pooled outcome of three studies 
showed no significant difference between the two groups (p = 0.31)

Fig. 5   Cumulative opioid consumptions between the ACB group and FNB group. Pooled outcome of two studies revealed no significant differ-
ence between the two groups (p = 0.99)

Fig. 6   Number of patients that suffered from adverse effects of nausea and sedation after ACB and FNB. Pooled outcome of two studies 
revealed no significant difference between the two groups (p = 0.60)

Fig. 7   Length of hospital stay between ACB group and FNB group. Pooled outcome of two studies revealed no significant difference between 
the two groups (p = 0.42)
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found [MD = −0.38, 95  % CI (−1.30, 0.54), p =  0.42] 
(Fig. 7).

Patient satisfaction

Two studies [14, 18] reported patient satisfaction score 
between the two strategies, and likewise, we found no sta-
tistical differences between the two groups at 6–8 h post-
operatively [MD = 0.17, 95 % CI (−0.09, 0.43), p = 0.20] 
or at 24 h postoperatively [MD = −0.34, 95 % CI (−0.90, 
0.21), p =  0.23] (Fig.  8). In addition, Memtsoudis et  al. 
[14] also reported no significant difference of patient satis-
faction at 48 h postoperatively (p = 0.06). The overall out-
come showed no statistical difference of patient satisfac-
tion score between the two groups [MD = −0.10, 95 % CI 
(−0.45, 0.25), p = 0.57] (Fig. 8).

Success rate of blockade

Three studies [15, 17, 18] compared success rates of ACB 
versus FNB blockades, and the outcomes showed that no 
significant difference was found between the two methods 
[RR = 0.97, 95 % CI (0.93, 1.02), p = 0.20] (Fig. 9).

Discussion

Outcomes of the present study demonstrate that TKA 
patients who receive ACB can achieve similar or even bet-
ter recovery of quadriceps strength and mobilization abil-
ity than those treated by FNB. In addition, we found no 
significant differences between the two methods regard-
ing pain scores both at rest and after mobilization, opioid 

Fig. 8   Patient satisfaction score between the ACB group and FNB group. Forest plot of patient satisfaction score showed no statistical differ-
ence between the two groups at 6–8 h (p = 0.20), at 24 h (p = 0.23), or at 48 h (p = 0.06), postoperatively

Fig. 9   Success rate of blockade between ACB group and FNB group. Pooled outcome of three studies revealed no significant difference 
between the two groups (p = 0.20)
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consumption, opioid-associated adverse effects, length of 
hospital stay, patient satisfaction, or success rate of block-
ade. Therefore, ACB may be a better analgesia strategy 
after TKA at present.

The greater achievement of ACB in terms of quadri-
ceps strength and mobilization ability is probably associ-
ated with the different anatomical backgrounds of the two 
blocks. The femoral nerve, which consists of many inde-
pendent nerve fibers from the lumbar plexus, is frequently 
approached just at or below the level of the inguinal liga-
ment. Nerve blocking here can provide post-operative anal-
gesia to the following sites: the entire front of the upper 
thigh down to and including the patella, and the medial side 
of the lower leg to approximately the medial malleolus of 
the femur. Therefore, FNB can be used for procedures of 
the anterior thigh and knee. As another block type of the 
femoral nerve, ACB is conducted further down the thigh, 
where much of the motor innervation of the quadriceps 
group has already departed the nerve. Therefore, ACB pre-
serves much of the quadriceps strength, rendering early 
mobilization and rehabilitation safer.

The current controversy regarding the recovery of 
quadriceps strength lies in whether ACB can provide bet-
ter or just similar outcomes to that achieved by FNB. After 
analyzing the included studies, we considered that this dis-
pute probably originated from different scales or systems 
for evaluation among different studies. With regard to the 
adductors strength, no statistical MVIC difference was 
found between ACB and FNB based on two studies of 98 
patients. Considering that the data provided were unavail-
able to pool for meta-analysis, we just described the out-
comes. Mobilization ability is an indicator that reflects 
the recovery of muscle strength, and two of the included 
studies [15, 17] found that patients who received ACB may 
have better outcomes of mobilization ability. However, 
Jaeger et al. [19] indicated no significant difference in the 
time to perform the TUG test between the two groups. We 
thought that this dispute may be caused by the use of differ-
ent time points for assessment. In addition, sample size is 
another important factor that may affect the outcomes.

Comparisons of pain scores at rest or after mobilization 
revealed that the analgesic effect of ACB is equivalent to 
that of FNB. RCTs included in our study used different time 
points to assess pain scores. Outcomes regarding the pain 
scores at rest based on four studies [14, 17–19] showed no 
statistical difference between the two methods at 24 h post-
operatively. Likewise, the outcome of pain scores at or after 
knee flexion from three RCTs [14, 17, 19] also revealed 
insignificant differences between ACB and FNB at 24  h 
postoperatively. However, the heterogeneity among the three 
studies [14, 17, 19] was high (I2 = 76 %), which was prob-
ably associated with different strategies (anesthetic type, 
dose, and concentration) for analgesia (Table 3) as well as 

different modes of knee flexion (flexion angle, passive or 
active flexion). In addition to the pooled studies at a time 
point of 24 h postoperatively, several studies also reported 
comparison outcomes at 2 h [15] and 48 h [14, 16, 17] post-
operatively. However, none of these RCTs reported signifi-
cant differences in pain scores between the two strategies.

With respect to the secondary outcomes, no significant 
differences of opioid consumption were found between the 
ACB group and FNB group, neither at 24 h postanesthesia 
[18, 19], nor at 48  h [18]. Similarly, no statistical differ-
ence was identified regarding the opioid-associated adverse 
effects between the two groups (ACB: 14.89  % vs FNB: 
12.37  %, p =  0.60) (Fig.  9). The most frequent adverse 
effects reported by the included RCTs were nausea and 
sedation. In addition, Kim et al. [18] reported that a total of 
three patients suffered from buckled knee on postoperative 
day 1 in the FNB group and none of the three patients fell. 
However, no such adverse effects were reported in ACB 
group. Therefore, patients should be fully informed about 
this aspect before receiving FNB for analgesia after TKA. 
Although the outcome of our pooled analysis of two studies 
[17, 18] showed no significant difference for the length of 
hospital stay between the two groups (Fig. 7), a dispute still 
existed between the two studies. Kim et  al. [18] reported 
that the average length of hospital stay for ACB and FNB 
group was 3.7 and 3.6 days, respectively (p = 0.735). How-
ever, Shah et al. [17] found a significantly longer period in 
the FNB group (3.92 vs 3.08 days, p < 0.001). Although the 
authors did not provide specific reasons for this statistical 
difference, we inferred that this may be associated with the 
fact that patients who received ACB may have a faster post-
operative recovery than those by FNB. Outcomes regard-
ing patient satisfaction revealed that similar scores were 
obtained between ACB and FNB groups at 6–8, 24, and 
48  h postoperatively. With regard to success rates of the 
blockade, the outcome of the pooled analysis also revealed 
no statistical difference (ACB: 95.76 % vs FNB: 99.18 %, 
p = 0.20). Kim et al. [18] reported that the success rates for 
ACB and FNB were 93.6 and 97.9 %, respectively, while 
Shah et al. [17] found a success rate of 96 % for ACB and 
100 % for FNB. Outcomes of the above success rates of the 
blockades imply that it may be more difficult to perform 
ACB, and of course, the experience of anesthetists may 
also affect the outcomes.

The present study had several limitations. Firstly, the num-
ber of included RCTs as well as the sample size of these stud-
ies was limited, which may cause biases. Therefore, on one 
hand, cautious attitude should be taken toward the outcomes. 
On the other hand, future studies with a larger sample size are 
necessary. Secondly, another source of bias and high heteroge-
neity among studies pooled for analysis may have originated 
from different strategies for both ACB and FNB. It should be 
noted that motor block can occur in a concentration-dependent 
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manner. Moreover, the use of higher amount of bupivacaine 
and the use of continuous infusion in some of the included 
studies may also affect the outcomes. Therefore, more efforts 
should be put toward finding an optimal analgesia strategy. 
Finally, different assessment systems and different time points 
for assessment can also result in an elevated risk of biases. 
Therefore, future investigations should use consistent evalu-
ation systems and adequate follow-up time to better evaluate 
the efficacy of the two analgesia methods.

In summary, the current study demonstrates that TKA 
patients who received ACB can achieve similar or even bet-
ter recovery of quadriceps strength and mobilization abil-
ity than those by FNB. In addition, ACB can also achieve 
similar clinical efficacy as FNB does in adductors strength, 
pain scores, opioid consumption, opioid-associated adverse 
effects, length of hospital stay, patient satisfaction, and suc-
cess rate of blockade. Taken as a whole, ACB may be a bet-
ter strategy for analgesia after TKA at present.
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