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ABSTRACT
Background: Femoral nerve blockade (FNB) is a common
method of analgesia for postoperative pain control after total
knee arthroplasty. We conducted a systematic review to com-
pare the analgesia outcomes in randomized controlled trials
that compared FNB (with and without sciatic nerve block)
with epidural and patient-controlled analgesia (PCA).
Methods: We identified 23 randomized controlled trials that
compared FNB with PCA or epidural analgesia. These stud-
ies included 1,016 patients, 665 with FNB, 161 with epi-
dural, and 190 with PCA alone.
Results: All 10 studies of single-shot FNB (SSFNB) used
concurrent PCA opioids. SSFNB was found to reduce PCA
morphine consumption at 24 h (�19.9 mg, 95% credible
interval [CrI]: �35.2 to �4.6) and 48 h (�38.0 mg, 95%
CrI: �56.0 to �19.7), pain scores with activity (but not at
rest) at 24 and 48 h (�1.8 visual analog pain scale, 95% CrI:
�3.3 to �0.02 at 24 h; �1.5 visual analog pain scale, 95%
CrI: �2.9 to �0.02 at 48 h) and reduce the incidence of
nausea (0.37 odds ratio, 95% CrI: 0.1 to 0.9) compared with
PCA alone. SSFNB had similar morphine consumption and
pain scores compared with SSFNB plus sciatic nerve block,
and SSFNB plus continuous FNB.
Conclusions: SSFNB or continuous FNB (plus PCA) was
found to be superior to PCA alone for postoperative analge-

sia for patients having total knee arthroplasty. The impact of
adding a sciatic block or continuous FNB to a SSFNB needs
to be studied further.

TOTAL knee arthroplasty (TKA) is a common surgery to
help improve mobility and quality of life. More than

13,000 procedures were performed in Ontario in patients
aged 65 and older in 1998–1999.1 The pain after TKA is
severe and does not fade noticeably for 48–72 h after the
surgery.2 Effective pain control allows for earlier ambulation
and initiation of physiotherapy, which hastens recovery, re-
duces the length of stay in the hospital, and lowers the risk of
postoperative complications, such as thromboembolic dis-
ease or nosocomial infections.3,4

Patient-controlled analgesia (PCA) opioids and epidural and
femoral nerve block (FNB) are commonly used analgesic op-
tions for TKA. PCA morphine or other opioids are frequently
used as the primary analgesic for TKA. The use of opioids is
associated with side effects such as nausea, vomiting, pruritus,
and sedation.5 These side effects can have negative effects on
patient comfort and safety as well as delaying the start of phys-
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What We Already Know about This Topic

❖ Femoral nerve block, either as a single shot or continuously
with a catheter, is now commonly used for analgesia after total
knee arthroplasty

What This Article Tells Us That Is New

❖ In a meta-analysis of 23 studies, single-shot femoral nerve
block improved analgesia and reduced morphine dose com-
pared with intravenous patient-controlled analgesia

❖ These studies did not demonstrate further improvement with
continuous compared with single-shot femoral nerve block
alone
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iotherapy, which will negatively impact functional rehabilita-
tion.6 Lumbar epidural analgesia is another common method of
analgesia for TKA, and some physicians state that it provides
better pain relief than other postoperative analgesic options.3

There are, however, many adverse effects associated with epi-
dural analgesia, including significant perioperative hypotension,
urinary retention, pruritus, and respiratory depression.3,7,8 In
addition, sensation and ambulation are affected in the nonop-
erative leg. These adverse effects may limit the early initiation of
physiotherapy after TKA. The use of epidural analgesia may
interfere with the commencement of anticoagulation therapy to
prevent thromboembolic events due to the risk of epidural he-
matoma. Without the use of anticoagulant prophylaxis, knee
replacements are associated with a 40–70% risk of deep vein
thrombosis and 1–2% risk of fatal pulmonary embolism.3 Both
epidural analgesia and FNB reduce opiate consumption and the
associated side effects.7

FNB is a common method of analgesia for postoperative
pain control after TKA. It is an easy technique to master and has
a low risk of complications.†† One method of ensuring excel-
lent femoral anesthesia is the 3-in-1 technique, which blocks the
femoral, lateral femoral cutaneous, and obturator nerves.9 An-
esthesiologists can also perform sciatic nerve block when com-
plete anesthesia of the knee is necessary. The femoral nerve alone
only provides sensation to the anteromedial aspect of the knee,
whereas the sciatic nerve innervates the posterior aspect of the
knee. FNBs can be performed as a single shot or as a continuous
block using a catheter and an infusion. Continuous nerve blocks
have the advantage of permitting the delivery of analgesia for a
longer postoperative duration than single-shot nerve blocks.9

FNB does not provide a motor blockade to the nonoperative
leg, which may encourage earlier ambulation. It also avoids the
risk of epidural hematoma that is associated with the use of
anticoagulants simultaneously with epidural analgesia.5,7 Nerve
blocks have also been shown to result in a reduced need for
parenteral or oral analgesia to control pain and in reported pain
levels.10

To determine the relative effectiveness of FNB analgesia for
TKA, in the first 3 days postoperatively, we conducted a meta-
analysis of all randomized trials that compared the PCA opioids
alone or epidural analgesia versus FNB for the following out-
comes: opioid consumption, pain scores, opioid side effects,
knee range of motion, length of stay, and patient satisfaction. In
addition to comparing FNB with PCA opioids and epidural
analgesia, this review also addresses this question: are analgesia
outcomes improved with a FNB improved by the addition of
(1) a sciatic nerve block and (2) a continuous FNB?

Materials and Methods

Study Identification
Trials were identified by several methods. Randomized trials
of epidural or PCA opioids versus FNB for pain control of

primary unilateral TKA were identified by MEDLINE from
1950 to October 2009, EMBASE from 1980 to October
2009, CINAHL, CCTR, and Google Scholar. The following
search terms were used in MEDLINE: Arthroplasty, Re-
placement, Knee; Analgesia, Epidural; Anesthesia, Epidural;
Epidural; Analgesia, Patient-controlled; Analgesics, Opioid;
Morphine; Nerve Block. The reference lists of selected stud-
ies were reviewed for additional studies. English language
restrictions were applied due to resource constraints. Unpub-
lished studies were not identified.

Study Selection
Suitable studies were identified by reading each abstract that
was found by the search. J.E. P. and A. A. read all abstracts,
and agreement on inclusion into the review was reached by
consensus. The inclusion criteria were determined before the
search and were as follows:
Population. Men and women over the age of 18 who had
undergone primary TKA were included. Studies in which the
patient population was undergoing revision or bilateral TKA
were excluded.
Intervention. Included studies compared the analgesic effects
of epidural or PCA opioid analgesia versus FNB (single shot
or continuous) on analgesia outcomes after TKA.
Outcomes. Included studies assessed at least pain scores and
opioid consumption. Additional outcomes that were ex-
tracted if available included knee range of motion, opioid
side effects (nausea, pruritus, and sedation), block side ef-
fects, length of stay, patient satisfaction, and mobility of the
nonoperative leg (early ambulation). These outcomes were
analyzed for up to 72 h postoperatively.
Methodology. The studies that were included were prospec-
tive, randomized, controlled trials. Cohort studies, case re-
ports, observational studies, and experimental models were
excluded. Randomized controlled trials were included de-
spite results or quality assessment ratings.

Study Evaluation
Each study that was included in the analysis was assessed inde-
pendently by each author (J. E. P., A. A., and L. H.). The as-
sessment was performed using a modified version of the five-

†† www.nysora.com/techniques/femoral_nerve_block. Last date
accessed January 6, 2010.

Potentially relevant articles identified 
through search strategies (n=78)

Articles not meeting inclusion criteria 
were excluded (n=55)

Remaining RCTs meeting inclusion 
criteria included in meta-analysis 
(n=23)

Fig. 1. Study selection process. RCTs � randomized control
trials.
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point methodological quality scale designed by Jadad et al.11 To
receive full points, a study had to be randomized, be double-
blind, show completeness of follow-up, use suitable techniques
to create the randomization sequence, and describe an accept-
able blinding method. The modification of the five-point meth-
odological scale was in relation to completeness of follow-up. In
the original scale completeness of follow-up had to be clearly
stated, whereas in the modified version completeness of fol-
low-up was accepted when a description of withdrawals or drop-
outs was given or if all the patients enrolled in the study were
accounted for in the results.

Data Extraction
The data from each study were extracted by two authors
(A. A. and L. H.), and verified by an author (J. E. P., A. A. or
L. H.) other than the one who extracted the data. Any dis-
crepancies were resolved by consensus. Data extracted in-
cluded study design, surgical details, type, anesthetic details,
number of subjects in each treatment group, baseline char-
acteristics of subjects, analgesia type and details, time for
administering intervention, visual analog pain scale scores at
rest and with activity, opioid consumption, knee range of

motion, length of stay, patient satisfaction, mobility of the
nonoperative leg, and analgesic adjuncts used.

A Priori Hypothesis for Sources of Heterogeneity
Before analyzing the results, potential sources of heterogene-
ity among studies were identified, and hypotheses were for-
mulated to explain this heterogeneity. First, the use of anal-
gesic adjuncts (nonsteroidal antiinflammatory drugs,
acetaminophen, and gabapentin) may not be consistent
across studies. Any benefit seen for FNB may therefore be a
combination of the benefit of the FNB and adjunct used.
Second, the dose, type of analgesic, and regimen may not be
the same in each study for each respective analgesic option
(PCA opioids, epidural, or FNB). Any discrepancy across
studies with regard to the benefits of FNB may be a result of
different dosing, analgesic agents, and regimens. Third,
FNBs may be used in conjunction with sciatic nerve blocks.
Once again, this may complicate the interpretation of the
results, and is it is not possible to determine what proportion
of pain relief is due to the FNB. Fourth, FNBs may be given
as continuous or single shot. Continuous FNB (CFNB) may

REPORTED RESULTS FROM INDIVIDUAL STUDIES

Wang 2002(29) (n=30) (SSFNB vs PCA)

Allen 1998(19) (1) (n=18) (SSFNB vs PCA) ++

Ng 2001(27) (n=24) (SSFNB vs PCA)

Hunt 2009(33) (n=55) (SSFNB vs PCA)

Ozen 2006(36) (n=30) (SSFNB vs PCA)

Hirst 1996(23) (1) (n=16.5) (SSFNB vs PCA) ++

Allen 1998(19) (2) (n=18) (SSFNB+Sciatic vs PCA) ++

McNamee 2001(26) (n=49) (SSFNB+Sciatic vs PCA)

Salinas 2006(38) (n=36) (SSFNB vs CFNB)

Hirst 1996(23) (2) (n=16.5) (CFNB vs PCA) ++

Ganapathy 1999(22) (n=42) (CFNB vs PCA)

Shum (2) 2009(39) (n=28) (CFNB vs PCA) ++

Kaloul 2004(24) (n=40) (CFNB vs PCA)

Kadic 2009(34) (n=53) (CFNB vs PCA)

Shum (1) 2009(39) (n=27) (CFNB vs PCA) ++

Seet 2006(5) (n=38) (CFNB vs PCA)

SUMMARIZED RESULTS FROM BAYESIAN META−ANALYSI S

(SSFNB vs PCA) (p = 0.993)

(SSFNB+Sciatic vs PCA) (p = 0.989)

* (SSFNB vs SSFNB+Sciatic) (p = 0.779)

# (SSFNB vs CFNB) (p = 0.704)

(CFNB vs PCA) (p = 0.989)

* (CFNB vs SSFNB+Sciatic) (p = 0.869)

Study/Comparison

−41.60 (−44.78, −38.42)

−45.00 (−68.42, −21.58)

−16.25 (−24.31, −8.19)

−6.00 (−8.10, −3.90)

−54.20 (−62.08, −46.32)

1.00 (−20.54, 22.54)

−42.00 (−67.08, −16.92)

−21.00 (−22.60, −19.40)

25.00 (16.48, 33.52)

22.00 (−1.00, 45.00)

−17.00 (−27.64, −6.36)

−7.60 (−15.76, 0.56)

−25.50 (−33.84, −17.16)

−20.00 (−25.31, −14.69)

−12.00 (−19.98, −4.02)

−6.00 (−9.18, −2.82)

−19.85 (−35.22, −4.58)

−30.96 (−56.81, −5.09)

11.11 (−19.12, 41.12)

−4.69 (−13.88, 23.27)

−15.16 (−27.62, −2.63)

15.80 (−13.08, 44.64)

Difference (95% CI)

Mean

−41.60 (−44.78, −38.42)

−45.00 (−68.42, −21.58)

−16.25 (−24.31, −8.19)

−6.00 (−8.10, −3.90)

−54.20 (−62.08, −46.32)

1.00 (−20.54, 22.54)

−42.00 (−67.08, −16.92)

−21.00 (−22.60, −19.40)

25.00 (16.48, 33.52)

22.00 (−1.00, 45.00)

−17.00 (−27.64, −6.36)

−7.60 (−15.76, 0.56)

−25.50 (−33.84, −17.16)

−20.00 (−25.31, −14.69)

−12.00 (−19.98, −4.02)

−6.00 (−9.18, −2.82)

−19.85 (−35.22, −4.58)

−30.96 (−56.81, −5.09)

11.11 (−19.12, 41.12)

−4.69 (−13.88, 23.27)

−15.16 (−27.62, −2.63)

15.80 (−13.08, 44.64)

Difference (95% CI)

Mean

* Indirect comparison

# Mixed comparison

  
0−100 −75 −50 −25 0 25 50

Cumulative Morphine Consumption at 24 Hours

Favours First Drug                 Favours Second Drug
ˆp˜ is the posterior probability of the treatment effect given the data

++ When the study was designed with two intervention groups and one comparison group,
the number of patients in comparison group was equally divided to two comparison groups

     
      SSFNB = Single Shot Femoral Nerve Block
      PCA = Patient Controlled Analgesia
      CFNB = Continuous Femoral Nerve Block

Fig. 2. Cumulative morphine consumption at 24 h. * � indirect comparison; # � mixed comparison; p � posterior probability
of the treatment effect given the data; �� � when the study number was designed with two intervention groups and one
comparison group, the number of patients in the comparison group was equally divided into two comparison groups. CFNB �
continuous femoral nerve block; PCA � patient-controlled analgesia; Sciatic � sciatic nerve block; SSFNB � single-shot
femoral nerve block.
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have a more positive profile for pain management than sin-
gle-shot FNB (SSFNB).

Statistical Analysis
Standard deviations not stated or graphically represented
were estimated as range/4 or interquartile range/1.35 where
range � maximum value � minimum value and interquar-
tile range � Q3–Q1, with Q1 and Q3 as the first and third
quartiles. When SE was given, SD was calculated using the
following formula: SE � SD/(square root of n). For the
article by Mistraletti et al.12 where no estimate of SD could
be made for opioid consumption in the epidural group, the
SD for the FNB group was used for both groups. The 95%
CI was used to estimate the range when required, and the
median was used to estimate the mean if mean values were
not given. When necessary, the range was estimated as the
most extreme values of a variable, for example range � 10 for
a pain scale of 0–10. For side effects, which were expressed as
incidence during time intervals, the single highest incidence
was used to capture anybody who experienced that side effect
at least once.

To synthesize all possible treatment effects around using
femoral nerve block, we applied the Bayesian random-effects
model with mixed-treatment comparison methods that al-
lowed both direct and indirect comparisons. Key to the
Bayesian method is the incorporation of prior beliefs, in the
form of a prior probability distribution combined with ob-
served data, in the form of a likelihood function, to yield a
posterior distribution.13 Unlike the direct comparison
method which simply compares treatment A with treatment
B, indirect comparison assesses the treatment effect between
treatment A and treatment B using treatment C as a common
comparator. In our model, we expressed the comparison as
�AB � �AC � �BC. When no common comparator was
needed as a transit link, the indirect comparison reduced to
direct comparison14,15; and when both direct and indirect
links existed, two types of comparisons were naturally com-
bined to report the designed treatment comparison.

We adopted the ROBUST criteria in reporting the results
of our Bayesian analyses.16 Our dataset contained both con-
tinuous outcomes and binary outcomes. For the continuous
outcome, the treatment effect was measured as mean differ-

* Indirect comparison

REPORTED RESULTS FROM INDIVIDUAL STUDIES

Wang 2002(29) (n=30) (SSFNB vs PCA)

Allen 1998(19) (1) (n=18) (SSFNB vs PCA) ++

Ng 2001(27) (n=24) (SSFNB vs PCA)

Hunt 2009(33) (n=55) (SSFNB vs PCA)

Ozen 2006(36) (n=30) (SSFNB vs PCA)

Hirst 1996(23) (1) (n=16.5) (SSFNB vs PCA) ++

Allen 1998(19) (2) (n=18) (SSFNB+Sciatic vs PCA) ++

McNamee 2001(26) (n=49) (SSFNB+Sciatic vs PCA)

Salinas 2006(38) (n=36) (SSFNB vs CFNB)

Hirst 1996(23) (2) (n=16.5) (CFNB vs PCA) ++

Ganapathy 1999(22) (n=42) (CFNB vs PCA)

Shum (2) 2009(39) (n=28) (CFNB vs PCA) ++

Singelyn 1998(28) (1) (n=22.5) (CFNB vs PCA)

Kaloul 2004(24) (n=40) (CFNB vs PCA)

Kadic 2009(34) (n=53) (CFNB vs PCA)

Shum (1) 2009(39) (n=27) (CFNB vs PCA) ++

Seet 2006(5) (n=38) (CFNB vs PCA)

SUMMARIZED RESULTS FROM BAYESIAN META−ANALYSI S

(SSFNB vs PCA) (p = 0.99)

(SSFNB+Sciatic vs PCA) (p = 0.978)

* (SSFNB vs SSFNB+Sciatic) (p = 0.580)

# (SSFNB vs CFNB) (p = 0.890)

(CFNB vs PCA) (p = 0.998)

* (CFNB vs SSFNB+Sciatic) (p = 0.718)

Study/Comparison

−77.30 (−80.02, −74.58)

−55.00 (−81.26, −28.74)

−30.00 (−49.51, −10.49)

−12.00 (−14.63, −9.37)

−29.50 (−36.37, −22.63)

−31.00 (−57.32, −4.68)

−47.00 (−75.07, −18.93)

−23.00 (−26.16, −19.84)

23.00 (11.42, 34.58)

−3.00 (−35.31, 29.31)

−24.00 (−40.50, −7.50)

−5.90 (−12.57, 0.77)

−65.70 (−79.02, −52.38)

−34.90 (−54.06, −15.74)

−11.00 (−13.42, −8.58)

−10.60 (−16.76, −4.44)

−8.00 (−11.18, −4.82)

−37.98 (−56.00, −19.67)

−34.19 (−67.06, −1.07)

−3.80 (−41.74, 33.97)

−13.67 (−36.24, 8.94)

−24.31 (−40.21, −8.30)

9.88 (−27.11, 46.87)

Difference (95% CI)

Mean

−77.30 (−80.02, −74.58)

−55.00 (−81.26, −28.74)

−30.00 (−49.51, −10.49)

−12.00 (−14.63, −9.37)

−29.50 (−36.37, −22.63)

−31.00 (−57.32, −4.68)

−47.00 (−75.07, −18.93)

−23.00 (−26.16, −19.84)

23.00 (11.42, 34.58)

−3.00 (−35.31, 29.31)

−24.00 (−40.50, −7.50)

−5.90 (−12.57, 0.77)

−65.70 (−79.02, −52.38)

−34.90 (−54.06, −15.74)

−11.00 (−13.42, −8.58)

−10.60 (−16.76, −4.44)

−8.00 (−11.18, −4.82)

−37.98 (−56.00, −19.67)

−34.19 (−67.06, −1.07)

−3.80 (−41.74, 33.97)

−13.67 (−36.24, 8.94)

−24.31 (−40.21, −8.30)

9.88 (−27.11, 46.87)

Difference (95% CI)

Mean

# Mixed comparison

  
0−100 −75 −50 −25 0 25 50

Cumulative Morphine Consumption at 48 Hours

Favours First Drug               Favours Second Drug
ˆp˜ is the posterior probability of the treatment effect given the data

++ When the study was designed with two intervention groups and one comparison group,
the number of patients in comparison group was equally divided to two comparison groups

                   SSFNB = Single Shot Femoral Nerve Block
                   PCA = Patient Controlled Analgesia
                   CFNB = Continuous Femoral Nerve Block

                                       

                   

                    

Fig. 3. Cumulative morphine consumption at 48 h. * � indirect comparison; # � mixed comparison; p � posterior probability
of the treatment effect given the data; �� � when the study number was designed with two intervention groups and one
comparison group, the number of patients in the comparison group was equally divided into two comparison groups. CFNB �
continuous femoral nerve block; PCA � patient-controlled analgesia; Sciatic � sciatic nerve block; SSFNB � single-shot
femoral nerve block.
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ence, and for the binary outcome, the treatment effect was
measured as log odds ratio. We assumed that in each com-
parison, treatment effect was normally distributed as � �
Normal (�, � 2). The first parameter � is the mean, which
represents the treatment effect across all trials. The second
parameter � 2 is the variance, which represents the between-
study variability. Furthermore, we assumed a priori that �
itself follows another Normal distribution, and � follows a
Uniform distribution. For the choice of priors, we used non-
informative priors as � � Normal (0, 1.0E5) and � � Uni-
form (0,50). In this setting, because the variance of the prior
was large, i.e., the information was little, the pooled trial data
dominated the results of posterior distribution, which led the
result similar to that obtained from a traditional non-Bayes-
ian meta-analysis.

We report the treatment effects as point estimates (mean
difference or odds ratio, the exponential form of log odds ratio)

with associated 95% credible interval which were obtained from
the posterior distributions. The posterior probability of treat-
ment effects greater or less than 0 for continuous outcomes, and
greater or less than 1 for binary outcomes were also reported.
The analysis was performed using the software WinBUGS
1.4,‡‡ which generates inferences using the Gibbs sampler; and
the forest plots that graphically summarized the results from the
Bayesian analysis were produced using STATA10.1 (StataCorp,
College Station, TX). The stability of the Bayesian model and
convergence of the Bayesian simulations were assessed graphi-
cally using the time series plots of the density function of the
posterior distribution and the autocorrelation plot.17 The de-
tails about the Bayesian code, number of iterations, and initial
values can be found in appendix 1.

For the reader, when interpreting results from Bayesian
methods it is important to recognize two unique differ-
ences from the traditional frequentist approach: (1) the
use of a prior probability in combination with the ob-
served data to generate the results and (2) the resulting
posterior probability p is interpreted differently from the

‡‡ www.mrc-bsu.cam.ac.uk/bugs/winbugs. Last date accessed
January 6, 2010.

* Indirect comparison

REPORTED RESULTS FROM INDIVIDUAL STUDIES
Wang 2002(29) (n=30) (SSFNB vs PCA)
Allen 1998(19) (1) (n=18) (SSFNB vs PCA) ++
Ng 2001(27) (n=24) (SSFNB vs PCA)
Hunt 2009(33) (n=55) (SSFNB vs PCA)
Hirst 1996(23) (1) (n=16.5) (SSFNB vs PCA) ++
Allen 1998(19) (2) (n=18) (SSFNB+Sciatic vs PCA) ++
Salinas 2006(38) (n=36) (SSFNB vs CFNB)
Hirst 1996(23) (2) (n=16.5) (CFNB vs PCA) ++
Shum 2009(39) (n=55) (CFNB vs PCA)
Singelyn 1998(28) (1) (n=22.5) (CFNB vs PCA) ++
Kaloul 2004(24) (n=40) (CFNB vs PCA)
Kadic 2009(34) (n=53) (CFNB vs PCA)
Seet 2006(5) (n=38) (CFNB vs PCA)
Sundarathiti 2009(31) (n=61) (CFNB vs Epidural)
Barrington 2005(20) (n=108) (CFNB vs Epidural)
Singelyn 1998(28) (2) (n=22.5) (CFNB vs Epidural) ++
Zaric 2006(30) (n=108) (CFNB+Sciatic vs Epidural)
Morin 2005(35) (n=60) (CFNB vs CFNB+Sciatic)

SUMMARIZED RESULTS FROM BAYESIAN META−ANALYSIS
(SSFNB vs PCA) (p = 0.974)
(SSFNB+Sciatic vs PCA) (p = 0.731)
* (SSFNB vs SSFNB+Sciatic) (p = 0.585)
# (SSFNB vs CFNB) (p = 0.522)
(CFNB vs PCA) (p = 0.977)
(CFNB vs Epidural) (p = 0.729)
(CFNB+Sciatic vs Epidural) (p = 0.787)
* (CFNB vs SSFNB+Sciatic) (p = 0.574)
# (CFNB vs CFNB+Sciatic) (p = 0.621)

Study/Comparison

−2.80 (−4.49, −1.11)
−0.10 (−1.73, 1.53)
−3.34 (−4.40, −2.28)
−1.30 (−2.41, −0.19)
−0.50 (−3.41, 2.41)
−0.80 (−2.05, 0.45)
2.10 (1.12, 3.08)
−1.00 (−3.42, 1.42)
−0.50 (−1.43, 0.43)
−1.00 (−2.01, 0.01)
−1.14 (−2.30, 0.03)
−1.50 (−2.57, −0.43)
0.00 (−1.59, 1.59)
0.86 (−0.00, 1.72)
0.50 (−0.32, 1.32)
0.10 (−0.91, 1.11)
1.20 (−0.09, 2.49)
−0.10 (−0.98, 0.78)

−1.12 (−2.26, 0.02)
−0.82 (−3.63, 1.97)
−0.30 (−3.34, 2.73)
−0.04 (−1.49, 1.41)
−1.08 (−2.16, −0.02)
−0.37 (−1.65, 0.91)
−0.63 (−2.30, 1.03)
−0.26 (−3.28, 2.74)
0.26 (−1.56, 2.07)

Difference (95% CI)
Mean

−2.80 (−4.49, −1.11)
−0.10 (−1.73, 1.53)
−3.34 (−4.40, −2.28)
−1.30 (−2.41, −0.19)
−0.50 (−3.41, 2.41)
−0.80 (−2.05, 0.45)
2.10 (1.12, 3.08)
−1.00 (−3.42, 1.42)
−0.50 (−1.43, 0.43)
−1.00 (−2.01, 0.01)
−1.14 (−2.30, 0.03)
−1.50 (−2.57, −0.43)
0.00 (−1.59, 1.59)
0.86 (−0.00, 1.72)
0.50 (−0.32, 1.32)
0.10 (−0.91, 1.11)
1.20 (−0.09, 2.49)
−0.10 (−0.98, 0.78)

−1.12 (−2.26, 0.02)
−0.82 (−3.63, 1.97)
−0.30 (−3.34, 2.73)
−0.04 (−1.49, 1.41)
−1.08 (−2.16, −0.02)
−0.37 (−1.65, 0.91)
−0.63 (−2.30, 1.03)
−0.26 (−3.28, 2.74)
0.26 (−1.56, 2.07)

Difference (95% CI)
Mean

# Mixed comparison

  
0−5 −2.5 0 2.5

Pain Score at Rest at 24 Hours

Favours First Drug                Favours Second Drug
ˆp˜ is the posterior probability of the treatment effect given the data

++ When the study was designed with two intervention groups and one comparison group,
the number of patients in comparison group was equally divided to two comparison groups

  

                     SSFNB = Single Shot Femoral Nerve Block
                    PCA = Patient Controlled Analgesia
                    CFNB = Continuous Femoral Nerve Block 

     

      

Fig. 4. Pain scores at rest at 24 h. * � indirect comparison; # � mixed comparison; p � posterior probability of the treatment
effect given the data; �� � when the study number was designed with two intervention groups and one comparison group,
the number of patients in the comparison group was equally divided into two comparison groups. CFNB � continuous femoral
nerve block; Epidural � epidural nerve block; PCA � patient-controlled analgesia; Sciatic � sciatic nerve block; SSFNB �
single-shot femoral nerve block.
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classic P value18 as the posterior probability of treatment 1
is better than treatment 2. In the results quoted in this
study, a noninformative prior distribution was used,
which means that the observed results were not influenced
by the prior distribution. Further, the 95% credible inter-
val is intuitively interpreted as the interval within which
the effect lives with a 0.95 probability. This is different
from the frequentist approach, which generates a point
estimate with a 95% CI, and this cannot be interpreted in
terms of probabilities like the Bayesian results.

Results

Included Studies
Seventy-seven studies were initially identified as potentially rel-
evant. Fifty-four studies (appendix 2) were then excluded for
not meeting the inclusion criteria. The reasons for exclusion
were as follows: 17 studies were not randomized control trials,
29 studies did not have either FNB or control group, 5 studies
did not include measured outcomes, 1 included surgeries other
than knee arthroplasty, and 2 studies included the same study

population as an earlier study. Figure 1 summarizes the study
selection process. The remaining 23 studies were included in the
analysis.5,12,19–39 Study characteristics and the data extracted
from these studies are presented in table 1.

Of the 23 studies included, 14 compared FNB with PCA,
and 4 compared FNB with epidural, 3 compared different
types of FNB, and 2 compared FNB with both epidural and
PCA. A total of 1,016 patients were included in the studies,
665 received FNB, 161 epidural and 190 PCA. There were
three types of FNBs in the treatment groups: SSFNB (7
studies/136 patients), SSFNB plus sciatic nerve block
(SSFNB � Sciatic, 3 studies/62 patients), and CFNB (13
studies/352 patients) and CFNB � Sciatic, 2 studies/43 pa-
tients). Only two studies addressed the comparison of
SSFNB versus SSFNB � Sciatic or CFNB: one study19 com-
pared SSFNB with SSFNB � Sciatic, and two studies23,38

compared SSFNB with CFNB.
All 23 studies used a nerve stimulator for the nerve blocks,

none used ultrasound guidance, 13 of the 23 FNBs were
3-in-1 blocks, 13 used bupivacaine, 13 used ropivacaine, and

* Indirect comparison

REPORTED RESULTS FROM INDIVIDUAL STUDIES
Wang 2002(29)(n=30) (SSFNB vs PCA)
Allen 1998(19) (1) (n=18) (SSFNB vs PCA) ++
Ng 2001(27) (n=24) (SSFNB vs PCA)
Hunt 2009(33) (n=55) (SSFNB vs PCA)
Hirst 1996(23) (1) (n=16.5) (SSFNB vs PCA) ++
Allen 1998(19) (2) (n=18) (SSFNB+Sciatic vs PCA) ++
Salinas 2006(38) (n=36) (SSFNB vs CFNB)
Hirst 1996(23) (2) (n=16.5) (CFNB vs PCA) ++
Shum 2009(39) (n=55) (CFNB vs PCA)
Singelyn 1998(28) (1) (n=22.5) (CFNB vs PCA) ++
Kaloul 2004(24) (n=40) (CFNB vs PCA)
Kadic 2009(34) (n=53) (CFNB vs PCA)
Seet 2006(5) (n=38) (CFNB vs PCA)
Mistraletti (1) 2006(12) (n=16) (CFNB+Sciatic vs PCA) ++
Sundarathiti 2009(31) (n=61) (CFNB vs Epidural)
Barrington 2005(20) (n=108) (CFNB vs Epidural)
Singelyn 1998(28) (2) (n=22.5) (CFNB vs Epidural) ++
Mistraletti (2) 2006(12) (n=16) (CFNB+Sciatic vs Epidural) ++
Zaric 2006(30) (n=108) (CFNB+Sciatic vs Epidural)
Morin 2005(35) (n=60) (CFNB vs CFNB+Sciatic)

SUMMARIZED RESULTS FROM BAYESIAN META−ANALYSIS
(SSFNB vs PCA) (p = 0.950)
(SSFNB+Sciatic vs PCA) (p = 0.506)
* (SSFNB vs SSFNB+Sciatic) (p = 0.742)
# (SSFNB vs CFNB) (p = 0.516)
(CFNB vs PCA) (p = 0.966)
(CFNB+Sciatic vs PCA) (p = 0.855)
(CFNB vs Epidural) (p = 0.818)
(CFNB+Sciatic vs Epidural) (p = 0.793)
* (CFNB vs SSFNB+Sciatic) (p = 0.751)
# (CFNB vs CFNB+Sciatic) (p = 0.546)
* (CFNB+Sciatic vs SSFNB+Sciatic) (p = 0.738)

Study/Comparison

−1.20 (−2.61, 0.21)
0.00 (−1.19, 1.19)
−2.23 (−3.57, −0.89)
−0.40 (−1.04, 0.24)
−0.80 (−3.29, 1.69)
0.20 (−1.28, 1.68)
2.00 (0.95, 3.05)
−2.50 (−5.06, 0.06)
−0.30 (−1.07, 0.47)
−1.00 (−1.83, −0.17)
−0.29 (−1.16, 0.59)
−2.00 (−2.80, −1.20)
0.00 (−1.59, 1.59)
−2.80 (−4.13, −1.47)
0.53 (−0.06, 1.12)
−0.45 (−0.91, 0.01)
−0.20 (−0.86, 0.46)
0.00 (−1.19, 1.19)
0.30 (−0.43, 1.03)
−1.10 (−1.98, −0.22)

−0.91 (−2.02, 0.20)
−0.01 (−2.65, 2.64)
−0.90 (−3.77, 1.97)
−0.03 (−1.36, 1.42)
−0.94 (−1.96, 0.08)
−1.03 (−3.06, 1.00)
−0.54 (−1.77, 0.69)
−0.63 (−2.23, 0.86)
−0.93 (−3.77, 1.89)
0.10 (−1.64, 1.84)
−1.02 (−4.37, 2.34)

Difference (95% CI)
Mean

−1.20 (−2.61, 0.21)
0.00 (−1.19, 1.19)
−2.23 (−3.57, −0.89)
−0.40 (−1.04, 0.24)
−0.80 (−3.29, 1.69)
0.20 (−1.28, 1.68)
2.00 (0.95, 3.05)
−2.50 (−5.06, 0.06)
−0.30 (−1.07, 0.47)
−1.00 (−1.83, −0.17)
−0.29 (−1.16, 0.59)
−2.00 (−2.80, −1.20)
0.00 (−1.59, 1.59)
−2.80 (−4.13, −1.47)
0.53 (−0.06, 1.12)
−0.45 (−0.91, 0.01)
−0.20 (−0.86, 0.46)
0.00 (−1.19, 1.19)
0.30 (−0.43, 1.03)
−1.10 (−1.98, −0.22)

−0.91 (−2.02, 0.20)
−0.01 (−2.65, 2.64)
−0.90 (−3.77, 1.97)
−0.03 (−1.36, 1.42)
−0.94 (−1.96, 0.08)
−1.03 (−3.06, 1.00)
−0.54 (−1.77, 0.69)
−0.63 (−2.23, 0.86)
−0.93 (−3.77, 1.89)
0.10 (−1.64, 1.84)
−1.02 (−4.37, 2.34)

Difference (95% CI)
Mean

# Mixed comparison

  
0−5 −2.5 0 2.5

Pain Score at Rest at 48 Hours

Favours First Drug                  Favours Second Drug
              
                 SSFNB = Single Shot Femoral Nerve Block
                   PCA = Patient Controlled Analgesia
                   CFNB = Continuous Femoral Nerve Block
                 

ˆp˜ is the posterior probability of the treatment effect given the data

++ When the study was designed with two intervention groups and one comparison group,
the number of patients in comparison group was equally divided to two comparison groups

Fig. 5. Pain scores at rest at 48 h. * � indirect comparison; # � mixed comparison; p � posterior probability of the treatment
effect given the data; �� � when the study number was designed with two intervention groups and one comparison group,
the number of patients in the comparison group was equally divided into two comparison groups. CFNB � continuous femoral
nerve block; Epidural � epidural nerve block; PCA � patient-controlled analgesia; Sciatic � sciatic nerve block; SSFNB �
single-shot femoral nerve block.
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2 used lidocaine. Of the 15 studies with a PCA group, 10
used a placebo/sham block in the PCA control group. Eigh-
teen studies utilized concurrent PCA opioids in the FNB
treatment groups: all 10 studies with SSFNB and/or
SSFNB � Sciatic and 8 of the 13 studies with CFNB. Several
of the studies used concurrent analgesia adjuncts. Eleven
studies used acetaminophen and nonsteroidal antiinflamma-
tory drugs, and 5 studies used oral opioids.

All 23 studies reported opioid consumption and pain
scores; however, only 14 studies included pain scores for
both rest and activity (5 studies reported pain only at rest
and 4 studies reported pain only with activity). Sixteen
studies reported analgesia side effects, 14 reported knee
range of motion and length of stay, and 9 reported patient
satisfaction.

All 23 studies were randomized and had complete fol-
low-up of patients, 15 were double-blinded, 14 described a
suitable technique for randomization, and 10 (of the 15
blinded studies) described an adequate method of blinding.
The quality scores ranged from 2 to 5, with a mean of 3.7.

Five of the 23 studies had a quality score of 5 of 5, meaning
that they were randomized, double-blinded, had complete
follow up, and had suitable randomization and blinding
methods.12,22,25,28,35

Opioid Consumption
SSFNB, SSFNB � Sciatic, and CFNB had significantly less
morphine consumption (compared with PCA alone) at 24 h
with differences of �20, �31, and �15 mg, respectively
(see fig. 2). Similarly, the SSFNB, SSFNB � Sciatic, and
CFNB groups had significantly less morphine consump-
tion at 48 h compared with PCA with differences of �38,
�34, and �24 mg, respectively (see fig. 3). SSFNB was
equivalent to SSFNB � Sciatic and CFNB in terms of
morphine consumption at both 24 and 48 h. The epidural
groups were not included in these comparisons because
there was no concurrent intravenous PCA in these groups.
A sensitivity analysis was done to compare morphine con-
sumption between studies both with and without analge-

# Mixed Comparison
* Indirect comparison

REPORTED RESULTS FROM INDIVIDUAL STUDIES

Wang 2002(29) (n=30) (SSFNB vs P CA)

Allen 1998(19) (1) (n=18) (SSFNB vs PCA) ++

Ng 2001(27) (n=24) (SSFNB vs PCA)

Good 2007(32) (n=42) (SSFNB vs PCA)

Hirst 1996(23) (1) (n=16.5) (SSFNB vs PCA) ++

Allen 1998(19) (2) (n=18) (SSFNB+Sciatic vs PCA) ++

McNamee 2001(26) (n=49) (SSFNB+Sciatic vs PCA)

Davies 2004(21) (n=59) (SSFNB vs Epidural)

Salinas 2006(38) (n=36) (SSFNB vs CFNB)

Hirst 1996(23) (2) (n=16.5) (CFNB vs PCA) ++

Ganapathy 1999(22) (n=42) (CFNB vs PCA)

Singelyn 1998(28) (1) (n=22.5) (CFNB vs PCA) ++

Seet 2006(5) (n=38) (CFNB vs PCA)

Mistraletti (1) 2006(12) (n=16) (CFNB+Sciatic vs PCA) ++

Barrington 2005(20) (n=108) (CFNB vs Epidural)

Singelyn 1998(28) (2) (n=22.5) (CFNB vs Epidural) ++

Mistraletti (2)  2006(12) (n=16) (CFNB+Sciatic vs Epidural) ++

Zaric 2006(30) (n=108) (CFNB+Sciatic vs Epidural)

Morin 2005(35) (n=60) (CFNB vs CFNB+Sciatic)

SUMMARIZED RESULTS FROM BAYESIAN META−ANALYSIS

(SSFNB vs PCA) (p = 0.985)

(SSFNB+Sciatic vs PCA) (p = 0.901)

* (SSFNB vs SSFNB+Sciatic) (p = 0.543)

# (SSFNB vs CFNB) (p = 0.612)

(SSFBN vs Epidural) (p = 0.607)

(CFNB vs PCA) (p = 0.982)

(CFNB+Sciatic vs PCA) (p = 0.980)

(CFNB vs Epidural) (p = 0.515)

(CFNB+Sciatic vs Epidural) (p = 0.792)

* (CFNB vs SSFNB+Sciatic) (p = 0.529)

# (CFNB vs CFNB+Sciatic) (p = 0.772)

* (CFNB+Sciatic vs SSFNB+Sciatic) (p = 0.660)

Study/Comparison
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−0.60 (−1.47, 0.27)

−1.50 (−4.12, 1.12)

−1.60 (−3.86, 0.66)

−1.60 (−1.86, −1.34)

−1.50 (−1.99, −1.01)
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0.60 (−0.29, 1.49)
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−1.75 (−3.32, −0.19)

−1.60 (−4.16, 0.94)

−0.15 (−3.14, 2.86)

−0.25 (−2.05, 1.56)

−0.28 (−2.50, 1.92)

−1.51 (−2.90, −0.12)

−2.26 (−4.43, −0.07)

−0.04 (−1.93, 1.85)

−0.79 (−2.81, 1.42)

0.10 (−2.83, 3.02)

0.75 (−1.37, 2.84)

−0.65 (−4.01, 2.72)

Difference (95% CI)

Mean
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−1.60 (−4.16, 0.94)
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Difference (95% CI)
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0−5 −2.5 0 2.5

Pain Score with Activity at 24 Hours

Favours First Drug             Favours Second Drug
    
         SSFNB = Single Shot Femoral Nerve Block
            PCA = Patient Controlled Analgesia
                   CFNB = Continuous Femoral Nerve Block 

ˆp˜ is the posterior probability of the treatment effect given the data

++ When the study was designed with two intervention groups and one comparison group,
the number of patients in comparison group was equally divided to two comparison groups

Fig. 6. Pain scores with activity at 24 h. * � indirect comparison; # � mixed comparison; p � posterior probability of the
treatment effect given the data; �� � when the study number was designed with two intervention groups and one comparison
group, the number of patients in the comparison group was equally divided into two comparison groups. CFNB � continuous
femoral nerve block; Epidural � epidural nerve block; PCA � patient-controlled analgesia; Sciatic � sciatic nerve block;
SSFNB � single-shot femoral nerve block.
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sia adjuncts. Three studies23,26,29 did not use analgesia
adjuncts, and when morphine consumption was com-
pared between these studies the groups with significant
differences did not change from the original analysis. Sim-
ilarly, when all studies with analgesia adjuncts were com-
pared, the groups with significant differences were also the
same as with the original analysis.

Pain Scores with Rest
At 24 h, CFNB had less pain at rest (�1.1) than PCA (see
fig. 4). At 48 h there were no significant differences be-
tween the groups (see fig. 5). SSFNB was equivalent to
SSFNB � Sciatic and CFNB in terms of pain at rest at 24
and 48 h.

Pain Scores with Activity
SSFNB, CFNB, and CFNB � Sciatic had less pain with
activity (�1.8, �1.5, and �2.3, respectively) at 24 h com-
pared with PCA (see fig. 6). SSFNB, CFNB, and CFNB �
Sciatic has less pain with activity (�1.5, �1.3, and �2.3,

respectively) at 48 h compared with PCA, otherwise there
were no significant differences between groups (see fig. 7).
SSFNB was equivalent to SSFNB � Sciatic and CFNB in
terms of pain with activity at 24 and 48 h.

Opioid Side Effects
Because of the small number of studies that reported side
effects all FNBs (SSFNB, SSFNB � Sciatic, CFNB, and
CFNB � Sciatic) were grouped together for the purpose
of comparing with PCA. FNB groups had significantly
less nausea (0.31 Odds) compared with PCA, but there
were no differences in terms of pruritus or sedation (see
figs. 8–10).

Knee Range of Motion, Patient Satisfaction, and
Hospital Length of Stay
There were no between treatment groups in knee range of
motion (at 48 h), patient satisfaction, and hospital length of
stay, see figures 11–13.

# Mixed comparison
* Indirect comparison

REPORTED RESULTS FROM INDIVIDUAL STUDIES
Wang 2002(29) (n=30) (SSFNB vs PCA)
Allen 1998(19) (1) (n=18) (SSFNB vs PCA) ++
Ng 2001(27) (n=24) (SSFNB vs PCA)
Good 2007(32) (n=42) (SSFNB vs PCA)
Hirst 1996(23) (1) (n=16.5) (SSFNB vs PCA) ++
Allen 1998(19) (2) (n=18) (SSFNB+Sciatic vs PCA) ++
McNamee 2001(26) (n=49) (SSFNB+Sciatic vs PCA)
Davies 2004(21) (n=59) (SSFNB vs Epidural)
Salinas 2006(38) (n=36) (SSFNB vs CFNB)
Hirst 1996(23) (2) (n=16.5) (CFNB vs PCA) ++
Ganapathy 1999(22) (n=42) (CFNB vs PCA)
Singelyn 1998(28) (1) (n=22.5) (CFNB vs PCA) ++
Kaloul 2004(24) (n=40) (CFNB vs PCA)
Seet 2006(5) (n=38) (CFNB vs PCA)
Mistraletti (1) 2006(12) (n=16) (CFNB+Sciatic vs PCA) ++
Barrington 2005(20) (n=108) (CFNB vs Epidural)
Singelyn 1998(28) (2) (n=22.5) (CFNB vs Epidural) ++
Mistraletti (2) 2006(12) (n=16) (CFNB+Sciatic vs Epidural) ++
Zaric 2006(30) (n=108) (CFNB+Sciatic vs Epidural)
Dang 2005(37) (n=28) (CFNB vs CFNB+sciatic)
Morin 2005(35) (n=60) (CFNB vs CFNB+sciatic)

SUMMARIZED RESULTS FROM BAYESIAN META−ANALYSIS
(SSFNB vs PCA) (p = 0.987)
(SSFNB+Sciatic vs PCA) (p = 0.579)
* (SSFNB vs SSFNB+Sciatic) (p = 0.856)
# (SSFNB vs CFNB) (p = 0.637)
(SSFBN vs Epidural) (p = 0.784)
(CFNB vs PCA) (p = 0.988)
(CFNB+Sciatic vs PCA) (p = 0.993)
(CFNB vs Epidural) (p = 0.731)
(CFNB+Sciatic vs Epidural) (p = 0.956)
* (CFNB vs SSFNB+Sciatic) (p = 0.830)
# (CFNB vs CFNB+sciatic) (p = 0.898)
* (CFNB+Sciatic vs SSFNB+Sciatic) (p = 0.943)

Study/Comparison

−0.80 (−2.62, 1.02)
−1.20 (−3.06, 0.66)
−4.47 (−5.14, −3.80)
−0.90 (−2.02, 0.22)
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−0.20 (−2.26, 1.86)
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−1.95 (−2.41, −1.49)
2.20 (1.08, 3.32)
−0.90 (−3.27, 1.47)
−1.30 (−2.41, −0.19)
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−0.05 (−1.38, 1.28)
0.00 (−1.59, 1.59)
−4.50 (−5.98, −3.02)
0.00 (−0.65, 0.65)
−0.50 (−2.03, 1.03)
−0.50 (−2.70, 1.70)
−0.30 (−1.65, 1.05)
0.20 (−1.62, 2.02)
1.50 (0.66, 2.34)

−1.54 (−2.86, −0.22)
−0.21 (−2.39, 1.94)
−1.33 (−3.84, 1.23)
−0.25 (−1.74, 1.24)
−0.71 (−2.56, 1.14)
−1.29 (−2.38, −0.19)
−2.25 (−3.93, −0.57)
−0.46 (−2.01, 1.10)
−1.42 (−3.09, 0.24)
−1.08 (−3.50, 1.35)
0.96 (−0.58, 2.50)
−2.04 (−4.78, 0.70)

Difference (95% CI)
Mean
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−4.47 (−5.14, −3.80)
−0.90 (−2.02, 0.22)
−1.50 (−3.79, 0.79)
−0.20 (−2.26, 1.86)
−0.20 (−0.43, 0.03)
−1.95 (−2.41, −1.49)
2.20 (1.08, 3.32)
−0.90 (−3.27, 1.47)
−1.30 (−2.41, −0.19)
−1.70 (−2.92, −0.48)
−0.05 (−1.38, 1.28)
0.00 (−1.59, 1.59)
−4.50 (−5.98, −3.02)
0.00 (−0.65, 0.65)
−0.50 (−2.03, 1.03)
−0.50 (−2.70, 1.70)
−0.30 (−1.65, 1.05)
0.20 (−1.62, 2.02)
1.50 (0.66, 2.34)

−1.54 (−2.86, −0.22)
−0.21 (−2.39, 1.94)
−1.33 (−3.84, 1.23)
−0.25 (−1.74, 1.24)
−0.71 (−2.56, 1.14)
−1.29 (−2.38, −0.19)
−2.25 (−3.93, −0.57)
−0.46 (−2.01, 1.10)
−1.42 (−3.09, 0.24)
−1.08 (−3.50, 1.35)
0.96 (−0.58, 2.50)
−2.04 (−4.78, 0.70)

Difference (95% CI)
Mean

  
0−5 −2.5 0 2.5

Pain Score with Activity at 48 Hours

Favours First Drug           Favours Second Drug
ˆp˜ is the posterior probability of the treatment effect given the dat   
          SSFNB = Single Shot Femoral Nerve Block
          PCA = Patient Controlled Analgesia
          CFNB = Continuous Femoral Nerve Block

a

++ When the study was designed with two intervention groups and one comparison group,  
the number of patients in comparison group was equally divided to two comparison groups

Fig. 7. Pain scores with activity at 48 h. * � indirect comparison; # � mixed comparison; p � posterior probability of the
treatment effect given the data; �� � when the study number was designed with two intervention groups and one comparison
group, the number of patients in the comparison group was equally divided into two comparison groups. CFNB � continuous
femoral nerve block; Epidural � epidural nerve block; PCA � patient-controlled analgesia; Sciatic � sciatic nerve block;
SSFNB � single-shot femoral nerve block.
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Motor Block
There were no differences in the degree of motor block be-
tween the PCA and FNB groups or between the operative
and nonoperative leg in the FNB groups (see fig. 14).

Discussion
Our results showed that SSFNB (plus concurrent PCA) com-
pared with PCA alone demonstrated reduced morphine con-
sumption at 24 and 48 h, lower pain scores with activity at 24
and 48 h, and a reduced incidence of nausea. These results were
robust to a sensitivity analysis that examined the impact of an-
algesia adjuncts. FNB showed no advantage compared with
PCA for pruritus, sedation, knee range of motion, motor block,
patient satisfaction, or hospital length of stay. The addition of a
sciatic nerve block or a CFNB to a SSFNB did not reduce
morphine consumption or pain scores.

Our systematic review has a number of strengths. The
study focuses on an explicit clinical problem: how does
SSFNB compare with PCA and epidural analgesia and is it
advantageous to do a concurrent sciatic nerve block or
CFNB? Adhering to clearly defined a priori inclusion and
exclusion criteria, a comprehensive literature search was

performed using multiple sources. Eligibility decisions
and data extraction were conducted in duplicate; the level
of agreement was high among reviewers. In addition, the
trial flow summarizing the review profile was clearly de-
scribed, and the individual study characteristics are de-
scribed in detail in table 1.

There are some limitations to this review. As mentioned
at the beginning of the discussion, some of the quantitative
analyses were based on indirect comparison; that is, Bayesian
inference methods were used to compare treatments that
were not compared head to head in the same randomized
control trial.18 This approach was necessary to address the
question of the utility of both the sciatic and CFNB because
of the small amount of information available from direct
pairwise comparisons available in the original randomized
control trials. For these indirect comparisons it is important
to remember that they are not randomized and therefore
subject to the same biases as observational studies.40 The
direct comparisons were limited by the small number of trials
that addressed the issue, only one trial19 with 36 patients
addressed SSFNB versus SSFNB � Sciatic, and only two
trials23,38 with a total of 69 patients addressed the compari-

* Indirect comparison

REPORTED RESULTS FROM INDIVIDUAL STUDIES

Hirst 1996(23) (1) (n=16.5) (SSFNB vs PCA) ++

Allen 1998(19) (1) (n=18) (SSFNB vs PCA) ++

Good 2007(32) (n=42) (SSFNB vs PCA)

Macalou 2004(25) (SSFNB vs PCA)

Allen 1998(19) (2) (n=18) (SSFNB+Sciatic vs PCA) ++

Hirst 1996(23) (2) (n=16.5) (CFNB vs PCA) ++

Kadic 2009(34) (n=53) (CFNB vs PCA)

Seet 2006(5) (n=38) (CFNB vs PCA)

Singelyn 1998(28) (1) (n=22.5) (CFNB vs PCA) ++

Sundarathiti 2009(31) (n=61) (CFNB vs Epidural)

Dang 2005(37) (n=28) (CFNB vs CFNB+sciatic)

SUMMARIZED RESULTS FROM BAYESIAN META−ANALYSIS

(SSFNB vs PCA) (p = 0.962)

(SSFNB+Sciatic vs PCA) (p = 0.840)

* (SSFNB vs SSFNB+Sciatic) (p = 0.643)

* (SSFNB vs CFNB) ( p = 0.755)

(CFNB vs PCA) (p = 0.995)

(CFNB vs Epidural) (p = 0.945)

* (CFNB vs SSFNB+Sciatic) (p = 0.751)

(CFNB vs CFNB+sciatic) (p = 0.985)

Study/Comparison

0.08 (0.00, 1.93)

0.33 (0.04, 2.63)

0.43 (0.04, 5.13)

0.61 (0.21, 1.76)

0.71 (0.10, 5.12)

0.06 (0.00, 1.34)

0.08 (0.02, 0.41)

0.34 (0.09, 1.30)

0.75 (0.17, 3.33)

0.35 (0.12, 1.01)

6.00 (1.11, 32.55)

0.39 (0.12, 1.14)

0.46 (0.08, 2.29)

0.84 (0.29, 2.20)

1.25 (0.60, 2.53)

0.31 (0.12, 0.67)

0.37 (0.10, 1.34)

0.67 (0.19, 2.32)

7.24 (1.75, 36.23)

Ratio (95% CI)

Odds

0.08 (0.00, 1.93)

0.33 (0.04, 2.63)

0.43 (0.04, 5.13)

0.61 (0.21, 1.76)

0.71 (0.10, 5.12)

0.06 (0.00, 1.34)

0.08 (0.02, 0.41)

0.34 (0.09, 1.30)

0.75 (0.17, 3.33)

0.35 (0.12, 1.01)

6.00 (1.11, 32.55)

0.39 (0.12, 1.14)

0.46 (0.08, 2.29)

0.84 (0.29, 2.20)

1.25 (0.60, 2.53)

0.31 (0.12, 0.67)

0.37 (0.10, 1.34)

0.67 (0.19, 2.32)

7.24 (1.75, 36.23)

Ratio (95% CI)

Odds

  
1.1 1 10

Side Effect: Nauseous

Favours First Drug                 Favours Second Drug
ˆp˜ is the posterior probability of the treatment effect given the data   

      SSFNB = Single Shot Femoral Nerve Block
      PCA = Patient Controlled Analgesia
      CFNB = Continuous Femoral Nerve Block

++ When the study was designed with two intervention groups and one comparison group,           
the number of patients in comparison group was equally divided to two comparison groups

Fig. 8. Incidence of nausea, femoral nerve block versus PCA. * � indirect comparison; p � posterior probability of the treatment
effect given the data; �� � when the study number was designed with two intervention groups and one comparison group,
the number of patients in the comparison group was equally divided into two comparison groups. CFNB � continuous femoral
nerve block; Epidural � epidural nerve block; PCA � patient-controlled analgesia; Sciatic � sciatic nerve block; SSFNB �
single-shot femoral nerve block.
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son of SSFNB versus CFNB. Interestingly, of the two trials
that addressed SSFNB versus CFNB, the one that used ropi-
vacaine38 showed an advantage (in terms of reduced pain
scores and opioid consumption) to using CFNB, whereas the

one that used bupivacaine23 did not. This difference may
have been due to the faster resolution of motor and sensory
function with ropivacaine blocks versus bupivacaine
blocks.41 The longer duration of action of a SSFNB with

REPORTED RESULTS FROM INDIVIDUAL STUDIES

Allen 1998(19) (1) (n=18) (SSFNB vs PCA    )++

Allen 1998(19) (2) (n=18) (SSFNB+Sciatic vs PCA) ++

Seet 2006(5) (n=38) (CFNB vs PCA)

Sundarathiti 2009(31) (n=61) (CFNB vs Epidural)

SUMMARIZED RESULTS FROM BAYESIAN META−ANALYSI S

(CFNB vs Epidural) (p = 0.973)

(FNB vs PCA) (p = 0.659)

Study/Comparison

0.45 (0.02, 8.83)

1.00 (0.07, 13.87)

2.38 (0.20, 28.67)

0.07 (0.01, 0.61)

0.05 (0.00, 1.01)

1.22 (0.15, 10.91)

Ratio (95% CI)

Odds

0.45 (0.02, 8.83)

1.00 (0.07, 13.87)

2.38 (0.20, 28.67)

0.07 (0.01, 0.61)

0.05 (0.00, 1.01)

1.22 (0.15, 10.91)

Ratio (95% CI)

Odds

  
1.1 1 10

Side Effect: Pruritus

Favours First Drug                  Favours Second Drug
ˆp˜ is the posterior probability of the treatment effect given the data

Fig. 9. Incidence of pruritus, femoral nerve block versus PCA. �� � when the study number was designed with two intervention groups
and one comparison group, the number of patients in the comparison group was equally divided into two comparison groups. CFNB �
continuous femoral nerve block; Epidural � epidural nerve block; FNB � femoral nerve block; p � posterior probability of the treatment
effect given the data; PCA � patient-controlled analgesia; Sciatic � sciatic nerve block; SSFNB � single-shot femoral nerve block.

.

.

REPORTED RESULTS FROM INDIVIDUAL STUDIES

Allen 1998(18) (1) (n=19) (SSFNB vs PCA)

Macalou 2004(25) (SSFNB vs PCA)

Allen 1998(19) (2) (n=18) (SSFNB+Sciatic vs PCA)

Seet 2006(5) (n=38) (CFNB vs PCA)

SUMMARIZED RESULTS FROM BAYESIAN META−ANALYSIS 

(FNB vs PCA) (p = 0.897)

Study/Comparison

0.20 (0.02, 1.82)

0.40 (0.12, 1.31)

0.04 (0.00, 0.97)

0.21 (0.05, 0.85)

0.09 (0.00, 14.99)

Ratio (95% CI)

Odds

0.20 (0.02, 1.82)

0.40 (0.12, 1.31)

0.04 (0.00, 0.97)

0.21 (0.05, 0.85)

0.09 (0.00, 14.99)

Ratio (95% CI)

Odds

hide

Hide

  
1.01 .1 .5 1 2 10

Favours First Drug          Favours Second Drug
ˆp˜ is the posterior probability of the treatment effect given the dat   SSFNB = Single Shot Femoral Nerve Block
         PCA = Patient Controlled Analgesia
         CFNB = Continuous Femoral Nerve Block
                          FNB = Femoral Nerve Block

a

Side Effect: Sedation

Fig. 10. Incidence of sedation, femoral nerve block versus PCA. CFNB � continuous femoral nerve block; FNB � femoral nerve
block; p � posterior probability of the treatment effect given the data; PCA � patient-controlled analgesia; Sciatic � sciatic
nerve block; SSFNB � single-shot femoral nerve block.
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* Indirect comparison

REPORTED RESULTS FROM INDIVIDUAL STUDIES

Wang 2002(29) (n=30) (SSFNB vs PCA)

Singelyn 1998(28) (1) (n=22.5) (CFNB vs PCA) ++

Kadic 2009(34) (n=53) (CFNB vs PCA)

Singelyn 1998(28) (2) (n=22.5) (CFNB vs Epidural) ++

Zaric 2006(30) (n=108) (CFNB+Sciatic vs Epidural)

SUMMARIZED RESULTS FROM BAYESIAN META−ANALYSI S

(SSFNB vs PCA) (p = 0.709)

* (SSFNB vs CFNB) (p = 0.521)

(CFNB vs PCA) (p = 0.713)

(CFNB vs Epidural) (p = 0.641)

(CFNB+Sciatic vs Epidural) (p = 0.635)

* (CFNB vs SSFNB+Sciatic) (p = 0.521)

Study/Comparison

5.70 (−1.46, 12.86)

6.00 (1.45, 10.55)

10.00 (−7.22, 27.22)

−3.00 (−6.51, 0.51)

−2.50 (−7.09, 2.09)

5.13 (−29.09, 38.32)

−0.09 (−22.93, 22.78)

5.23 (−28.81, 37.89)

−2.95 (−37.85, 32.15)

−2.88 (−38.61, 32.63)

−0.07 (−22.84, 22.69)

Difference (95% CI)

Mean

5.70 (−1.46, 12.86)

6.00 (1.45, 10.55)

10.00 (−7.22, 27.22)

−3.00 (−6.51, 0.51)

−2.50 (−7.09, 2.09)

5.13 (−29.09, 38.32)

−0.09 (−22.93, 22.78)

5.23 (−28.81, 37.89)

−2.95 (−37.85, 32.15)

−2.88 (−38.61, 32.63)

−0.07 (−22.84, 22.69)

Difference (95% CI)

Mean

  
0−30 −20 −10 0 10 20 30 40

Range of Motion at Discharge

Favours Second Drug                 Favours First Drug
ˆp˜ is the posterior probability of the treatment effect given the dat    
                   SSFNB = Single Shot Femoral Nerve Block
                   PCA = Patient Controlled Analgesia
                   CFNB = Continuous Femoral Nerve Block

a

++ When the study was designed with two intervention groups and one comparison group,       
the number of patients in comparison group was equally divided to two comparison groups

Fig. 11. Knee range of motion at discharge. * � indirect comparison; p � posterior probability of the treatment effect given the
data; �� � when the study number was designed with two intervention groups and one comparison group, the number of patients in the
comparison group was equally divided into two comparison groups. CFNB � continuous femoral nerve block; Epidural � epidural nerve
block; PCA � patient-controlled analgesia; Sciatic � sciatic nerve block; SSFNB � single-shot femoral nerve block.

NOTE: Weights are from random effects analysis
.

REPORTED RESULTS FROM INDIVIDUAL STUDIES

Hunt 2009(33) (n=55) (SSFNB vs PCA)

Kaloul 2004(24) (n=40) (CFNB vs PCA)

Seet 2006(5) (n=38) (CFNB vs PCA)

Sundarathiti 2009(31) (n=61) (CFNB vs Epidural)

SUMMARIZED RESULTS FROM BAYESIAN META−ANALYSIS

(SSFNB vs PCA) (p = 0.877)

* (SSFNB vs CFNB) (p = 0.760)

(CFNB vs PCA) (p = 0.857)

(CFNB vs Epidural) (p = 0.613)

Study/Comparison

1.80 (0.48, 3.12)

0.80 (0.24, 1.36)

1.50 (0.25, 2.75)

0.38 (0.14, 0.62)

1.79 (−6.15, 9.81)

0.88 (−8.40, 10.13)

0.91 (−3.68, 5.53)

0.40 (−4.59, 4.98)

Difference (95% CI)

Mean

1.80 (0.48, 3.12)

0.80 (0.24, 1.36)

1.50 (0.25, 2.75)

0.38 (0.14, 0.62)

1.79 (−6.15, 9.81)

0.88 (−8.40, 10.13)

0.91 (−3.68, 5.53)

0.40 (−4.59, 4.98)

Difference (95% CI)

Mean

  
0 10−5 0 5 10

Patient Satisfaction (with Analgesia)

Favours Second Drug                Favours First Drug
ˆp˜ is the posterior probability of the treatment effect given the dat   
                   SSFNB = Single Shot Femoral Nerve Block
                   PCA = Patient Controlled Analgesia
                   CFNB = Continuous Femoral Nerve Block

a

Fig. 12. Patient satisfaction with analgesia. * � indirect comparison; p � posterior probability of the treatment effect given the
data. CFNB � continuous femoral nerve block; Epidural � epidural nerve block; PCA � patient-controlled analgesia; Sciatic �
sciatic nerve block; SSFNB � single-shot femoral nerve block.
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* Indirect comparison

REPORTED RESULTS FROM INDIVIDUAL STUDIES

Wang 2002(29) (n=30) (SSFNB vs PCA)

Ng 2001(27) (n=24) (SSFNB vs PCA)

Singelyn 1998(28) (1) (n=22.5) (CFNB vs PCA)++

Seet 2006(5) (n=38) (CFNB vs PCA)

Mistraletti (1) 2006(12) (n=16) (CFNB+Sciatic vs PCA) ++

Sundarathiti 2009(31) (n=61) (CFNB vs Epidural)

Barrington 2005(20) (n=108) (CFNB vs Epidural)

Singelyn 1998(28) (2) (n=22.5) (CFNB vs Epidural) ++

Mistraletti (2) 2006(12) (n=16) (CFNB+Sciatic vs Epidural) ++

Zaric 2006(30) (n=108) (CFNB+Sciatic vs Epidural)

SUMMARIZED RESULTS FROM BAYESIAN META−ANALYSI S

(SSFNB vs PCA) (p = 0.671)

* (SSFNB vs CFNB) (p = 0.735)

(CFNB+Sciatic vs PCA) (p = 0.913)

(CFNB vs Epidural) (p = 0.928)

(CFNB+Sciatic vs Epidural) (p = 0.693)

* (CFNB vs CFNB+Sciatic) (p = 0.803)

Study/Comparison

−1.00 (−1.48, −0.52)

0.00 (−2.53, 2.53)

−4.00 (−6.95, −1.05)

0.00 (−1.37, 1.37)

−1.00 (−1.37, −0.63)

−1.12 (−1.29, −0.95)

−0.10 (−0.51, 0.31)

1.00 (−1.63, 3.63)

−1.00 (−2.05, 0.05)

−1.00 (−1.72, −0.28)

−0.51 (−3.28, 2.53)

−1.51 (−3.96, 0.96)

−1.97 (−4.93, 0.98)

−0.05 (−2.14, 2.06)

−0.51 (−2.96, 1.97)

0.46 (−2.39, 3.34)

Difference (95% CI)

Mean

−1.00 (−1.48, −0.52)

0.00 (−2.53, 2.53)

−4.00 (−6.95, −1.05)

0.00 (−1.37, 1.37)

−1.00 (−1.37, −0.63)

−1.12 (−1.29, −0.95)

−0.10 (−0.51, 0.31)

1.00 (−1.63, 3.63)

−1.00 (−2.05, 0.05)

−1.00 (−1.72, −0.28)

−0.51 (−3.28, 2.53)

−1.51 (−3.96, 0.96)

−1.97 (−4.93, 0.98)

−0.05 (−2.14, 2.06)

−0.51 (−2.96, 1.97)

0.46 (−2.39, 3.34)

Difference (95% CI)

Mean

  
0−5 −2.5 0 2.5 5

Length of Stay

Favours First Drug                  Favours Second Drug
ˆp˜ is the posterior probability of the treatment effect given the dat     
               SSFNB = Single Shot Femoral Nerve Block
               PCA = Patient Controlled Analgesia
               CFNB = Continuous Femoral Nerve Block

a

++ When the study was designed with two intervention groups and one comparison group,
the number of patients in comparison group was equally divided to two comparison groups

Fig. 13. Hospital length of stay (in days). * � indirect comparison; p � posterior probability of the treatment effect given the data; �� �
when the study number was designed with two intervention groups and one comparison group, the number of patients in the
comparison group was equally divided into two comparison groups. CFNB � continuous femoral nerve block; Epidural � epidural
nerve block; PCA � patient-controlled analgesia; Sciatic � sciatic nerve block; SSFNB � single-shot femoral nerve block.

Operated Limb (FNB vs PCA) (p = 0.804)

No−operated Limb (FNB vs PCA) (p = 0.835)

Difference between Two Limbs (Operated vs Non−operated) (p = 0.607)

Study/Comparison

1.00 (−1.71, 3.78)

1.50 (−1.82, 4.84)

−0.50 (−4.78, 3.82)

Mean Difference (95% CI)

  
0−5 −2.5 0 2.5 5

Motor Block at Day 1

Favours First Group                        Favours Second Group

ˆp˜ is the posterior probability of the treatment effect given the dat     
                     FNB = Femoral Nerve Block
                      PCA = Patient Controlled Analgesia

a

Fig. 14. Motor block of operative and nonoperative leg. CI � confidence interval; p � posterior probability of the treatment
effect given the data; FNB � femoral nerve block; PCA � patient-controlled analgesia.
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bupivacaine could have masked any benefit seen with
CFNB.

Given that adding a sciatic nerve block or a CFNB over a
SSFNB alone does not offer any advantages in terms of reduced
morphine consumption, pain scores, or side effects, the current
evidence does not support doing these additional blocks. This
finding reflects the current state of evidence, and because of the
paucity of randomized controlled trials that made direct com-
parisons it could be viewed as hypothesis-generating. This issue
will likely spark some lively debate among clinicians that pro-
mote regional anesthesia. It is worth noting that CFNB was
shown to be clearly superior to PCA alone in terms of reduced
morphine consumption (at 24 and 48 h), reduced pain scores
(at rest at 24 h and with activity at 24 and 48 h), reduced nausea,
and a trend toward decreased pruritus.

Although FNB has consistently been shown to offer ad-
vantages in terms of analgesia outcomes, many clinicians
(especially surgeons) are concerned about the issue of pro-
longed quadriceps weakness.42 Motor block results from this
review showed that there were no significant differences be-
tween FNB and PCA groups and the operative and nonop-
erative leg at 24 h after surgery. Unfortunately, these results
were only based on three studies because the rest did not
report motor block outcomes quantitatively, and it was not
possible to estimate the incidence of this complication
among the 665 patients treated with FNB in this review. It
has been estimated that this complication occurs in about
2% of patients.41 This complication is important because it
can lead to falls, fractures, and delays in ambulation. It is
worth noting that the FNB group did not have a longer
length of stay than the PCA control group. A prospective
study of 3,996 patients who had upper or lower limb block-
ade showed that the incidence of neurologic dysfunction was
1.7%, and complete recovery had occurred for most by 12
weeks and all by 25 weeks.

In conclusion, FNB and CFNB (plus PCA) are superior
to PCA alone or epidural for postoperative analgesia for pa-
tients having TKA. Under the conditions of our statistical
model and inclusion criteria, however, there is a lack of evidence
that sciatic nerve block or CFNB in addition to a single injection
FNB provides additional analgesic or recovery benefits. In the
future, high quality randomized controlled trials are needed that
offer more head-to-head comparisons of SSFNB versus SSFNB
plus CFNB for TKA. Also, studies are needed that better pro-
spectively evaluate the complications of FNB, especially the is-
sue of prolonged quadriceps weakness and falls, and more head-
to-head comparisons of SSFNB versus SSFNB � Sciatic and
CFNB would help settle the question of whether these addi-
tional blocks are of benefit.

References
1. Millar WJ: Hip and knee replacement. Health Rep 2002;14

2. Lang SA: Postoperative analgesia following total knee ar-
throplasty: A study comparing spinal anesthesia and com-
bined sciatic femoral 3-in-1 block. (Letter) Reg Anesth Pain
Med 1999; 24:97

3. Choi P, Bhandhari M, Scott K, Douketis JD: Epidural anal-
gesia for pain relief following hip or knee replacement.
Cochrane Database of Systemic Reviews 2003;
3:CD003071

4. Nussenzveig TC: Pain management after total joint replace-
ment and its impact on patient outcomes. AORN J 1999;
70:1060 –2

5. Seet E, Leong WL, Yeo AS, Fook-Chong S: Effectiveness of
3-in-1 continuous femoral block of differing concentra-
tions compared to patient controlled intravenous mor-
phine for post total knee arthroplasty analgesia and knee
rehabilitation. Anaesth Intensive Care 2006; 34:25–30

6. Duarte VM, Fallis WM, Slonowsky D, Kwarteng K, Yeung
CK: Effectiveness of femoral nerve blockade for pain con-
trol after total knee arthroplasty. J Perianesth Nurs 2006;
21:311– 6

7. Ben-David B, Chelly JE: Continuous peripheral neural
blockade for postoperative analgesia: Practical advantages
(Letter). Anesth Analg 2003; 96:1537

8. Buvanendran A, Tuman KJ, McCoy DD, Matusic B, Chelly
JE: Anesthetic techniques for minimally invasive total knee
arthroplasty. J Knee Surg 2006; 19:133– 6

9. Nielsen KC, Klein SM, Steele SM: Femoral nerve blocks.
Tech Reg Anesth Pain Man 2003; 7:8 –17

10. Parker MJ, Griffiths R, Appadu BN: Nerve blocks (subcos-
tal, lateral cutaneous, femoral, triple, psoas) for hip frac-
tures.[update of Cochrane Database Syst Rev. 2001;(2):
CD001159; PMID: 11405976]. Cochrane Database of
Systematic Reviews 2002: CD001159

11. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ,
Gavaghan DJ, McQuay HJ: Assessing the quality of reports
of randomized clinical trials: Is blinding necessary? Con-
trol Clin Trials 1996; 17:1–12

12. Mistraletti G, De La Cuadra-Fontaine JC, Asenjo FJ, Do-
natelli F, Wykes L, Schricker T, Carli F: Comparison of
analgesic methods for total knee arthroplasty: Metabolic
effect of exogenous glucose. Reg Anesth Pain Med 2006;
31:260 –9

13. Abrams K, Ashby D, Errington D: Simple Bayesian analysis
in clinical trials: A tutorial. Control Clin Trials 1994; 15:
349 –59

14. Gartlehner G, Moore CG: Direct versus indirect compari-
sons: A summary of the evidence. Int J Technol Assess
Health Care 2008; 24:170 –7

15. Lu G, Ades AE: Combination of direct and indirect evi-
dence in mixed treatment comparisons. Stat Med 2004;
23:3105–24

16. Sung L, Hayden J, Greenberg ML, Koren G, Feldman BM,
Tomlinson GA: Seven items were identified for inclusion
when reporting a Bayesian analysis of a clinical study.
J Clin Epidemiol 2005; 58:261– 8

17. Toft N, Innocent GT, Gettinby G, Reid SW: Assessing the
convergence of Markov Chain Monte Carlo methods: An
example from evaluation of diagnostic tests in absence of
a gold standard. Prev Vet Med 2007; 79:244 –56

18. Jansen JP, Crawford B, Bergman G, Stam W: Bayesian
meta-analysis of multiple treatment comparisons: An intro-
duction to mixed treatment comparisons. Value Health
2008; 11:956 – 64

19. Allen HW, Liu SS, Ware PD, Nairn CS, Owens BD: Periph-
eral nerve blocks improve analgesia after total knee re-
placement surgery. Anesth Analg 1998; 87:93–7

20. Barrington MJ, Olive D, Low K, Scott DA, Brittain J,
Choong P: Continuous femoral nerve blockade or epidural
analgesia after total knee replacement: A prospective ran-
domized controlled trial. Anesth Analg 2005; 101:1824 –9

21. Davies AF, Segar EP, Murdoch J, Wright DE, Wilson IH:
Epidural infusion or combined femoral and sciatic nerve
blocks as perioperative analgesia for knee arthroplasty.
Br J Anaesth 2004; 93:368 –74

PAIN MEDICINE

1160 Anesthesiology, V 113 • No 5 • November 2010 Paul et al.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/113/5/1144/252851/0000542-201011000-00029.pdf by guest on 20 M
arch 2024



22. Ganapathy S, Wasserman RA, Watson JT, Bennett J, Arm-
strong KP, Stockall CA, Chess DG, MacDonald C: Modified
continuous femoral three-in-one block for postoperative
pain after total knee arthroplasty. Anesth Analg 1999;
89:1197–202

23. Hirst GC, Lang SA, Dust WN, Cassidy JD, Yip RW: Femoral
nerve block. Single injection versus continuous infusion
for total knee arthroplasty. Reg Anesth 1996; 21:292–7
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Appendix 1. Bayesian Code for Primary
Outcomes
model {# trial specific comparison

for (i in 1:N) {#N: number of total groups
y[i]�dnorm(�[i],tau0) # normal likelihood
�[i]��[s[i]]��[i] * (1-equals(t[i],b[i])) # model
�[i] � dnorm(md[i],tau) # random effects of trial-specific

difference
md[i] �d[t[i]] � d[b[i]] # mean difference
}
for(j in 1:NS) {#NS: number of studies
�[j]�dnorm(0, 0.00001) #noninformative prior for mean

difference
}
# direct comparison
d[1]�0
for (k in 2:NT) {#NT: number of treatment
d[k]�dnorm(0, 0.0001) # noninformative priors for mean

difference
p[k]�step(0-day[k]) # calculating posterior probability
}
#all mean differences of all possible comparisons
for (c in 1:(NT-1)) {
for (k in (c � 1):NT) {
pw.diff[c,k] �(d[k] � d[c]) # difference
.prob.diff[c,k]�step(0-pw.diff[c,k]) # posterior probability
}
}
tau0�1/(SD*SD) # precision (1/variance)
tau�/(SD*SD) # between-study precision
SD�dunif (0,50) # noninformative prior for standard deviance
b.var�1/tau # between-study variance
}
Number of iteration: 300,000
Number of burn-in (discarded): 5,000
Number chain: 2
Partial initial value
Chain-1 list (SD � 2, d � c(0,0,0))
Chain-2 list (SD � 4, d � c(�5,�5,�5))
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Appendix 2. Excluded Studies

First Author Year Reference Reason

43 Adam F 2005 Anesth Analg 100: 475–80 Intervention
44 Allen JG 1998 Reg Anesth Pain Med 23:142–6 Intervention
45 Barrington MJ 2008 Anesth Analg 106:1316–21 Intervention
46 Beaulieu P 2006 Anesth Analg 103:768–74 Intervention
47 Ben-David B 2003 Anesth Analg 96:1537 Methodology
48 Ben-David B 2004 Anesth Analg 98:747–9 Methodology
49 Bergeron SG 2009 Clin Orthop 467:1458–62 Intervention
50 Bogoch ER 2002 J Arthroplasty 17:398–401 Intervention
51 Bunburaphong P 2006 J Med Assoc Thai 89:462–7 Intervention
52 Buvanendran A 2006 J Knee Surg 19:133–6 Methodology
53 Capdevila X 1999 Anesthesiology 91:8–15 Population
54 Casati A 2005 Anesth Analg 100:866–72 Intervention
55 Chelly JE 2001 J Arthroplasty 16:436–45 Outcomes
56 Cook P 2003 J Arthroplasty 18:583–6 Methodology
57 De Ruyter ML 2006 J Arthroplasty 21:1111–7 Methodology
58 Duarte VM 2006 JOPAN 21:311–6 Methodology
59 Edwards JL 2006 Br J Nursing. 15:S20–5 Outcomes
60 Edwards ND 1992 Anesth Analg 75:265–7 Intervention
61 Eledjam JJ 2002 Reg Anesth Pain Med 27:604–11 Intervention
62 Enneking FK 2002 Baillieres Best Practice & Research in

Clinical Anaesthesiology 16:285–94
Methodology

63 Faust AM 2006 Reg Anesth Pain Med 31:591 Intervention
64 Guay J 2005 Anesth Analg 100:1547 Methodology
65 Guay J 2006 Pain Med 7:476–82 Population (same study

population as Kaloul
et al. 2004 included
study)

66 Hayek SM 2006 Anesth Analg 103:1565–70 Outcomes
67 Heid F 2008 Anesth Analg 106:1559–61 Intervention
68 Huang Y-S 2007 Anesth Analg 104:1230–5 Intervention
69 Ilfeld BM 2006 Anesth Analg 102:87–90 Methodology
70 Ilfeld BM 2007 Reg Anesth Pain Med 32:46–54 Methodology
71 Ilfeld BM 2008 Anesthesiology 108:703–13 Intervention
72 Ilfeld BM 2009 Anesth Analg 108:1320–5 Population
73 Jack NTM 2005 Br J Anaesth 95:250–4 Methodology
74 Juelsgaard P 2001 Reg Anesth Pain Med 26:105–10 Intervention
75 Kardash K 2007 Anesth Analg 105:853–8 Intervention
76 Mannion S 2005 Br J Anaesth 94:352–6 Intervention
77 Moiniche S 1994 Acta Anaesthesiol Scand 38:328–35 Intervention
78 Navas AM 2005 Acta Anaesthesiol Scand 49:1048–55 Methodology
79 Niskanen RO 2005 J Knee Surg 18:192–6 Intervention
80 Paauwe JJ 2008 Anaesthesia 63:948–53 Outcomes
81 Raimer C 2007 Acta Orthopaedica 78:193–200 Intervention
82 Rosenberg AG 2006 Am J Orthop 35(7 Suppl):23–6 Methodology
83 Serpell MG 1991 Anaesthesia 46:275–7 Intervention
84 Singelyn FJ 2000 Anesth Analg 91:176–80 Intervention
85 Sites BD 2004 Anesth Analg 99:1539–43 Intervention
86 Skinner HB 2004 Am J Orthop 33(5 Suppl):5–9 Methodology
87 Smart JA 2000 Br J Anaesth 84:735–8 Outcomes
88 Spacek A 2006 Biomed Pharmacother 60:329–35 Methodology
89 Stone J 2001 Hosp Med (London) 62(5):315 Methodology
90 Watson MW 2005 Reg Anesth Pain Med 30(6):541–7 Intervention
91 Weber A 2001 Anesth Analg 93:1327–31 Intervention
92 Weber A 2002 Eur J Anaesthesiol 19:834–6 Methodology
93 Weber A 2005 Can J Anaesth 52:390–6 Intervention
94 Weir PS 1998 Br J Anaesth 80:299–301 Intervention
95 YaDeau JT 2005 Anesth Analg 101:891–5 Intervention
96 Zawadsky MW 2004 Top Geriatr Rehabil. 20:315–6 Intervention
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