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Abstract

Background Although femoral nerve block provides

good analgesia after total knee arthroplasty (TKA), residual

posterior knee pain may decrease patient satisfaction. We

compared the efficacy of periarticular infiltration analgesia

(PIA) and sciatic nerve block (SNB) for posterior knee

pain.

Methods Forty-nine patients scheduled for TKA were

prospectively randomized into the PIA group (n = 25) or

SNB group (n = 24) and received general anesthesia with

ultrasound-guided femoral nerve block (FNB). In the PIA

group, 60 ml 0.5 % ropivacaine and 0.3 mg epinephrine

were injected intraoperatively into the periarticular soft

tissue before inserting the components. In the SNB group,

patients received ultrasound-guided SNB with 20 ml

0.375 % ropivacaine and periarticular infiltration with

20 ml normal saline and 0.3 mg epinephrine. We evaluated

postoperative pain scores, posterior knee pain, frequency of

rescue analgesics for 36 h, and performance time of PIA

and SNB.

Results Visual analogue pain scores at 12–24 h were

significantly lower in the PIA group than in the SNB group

(p \ 0.05). The majority of patients had no posterior knee

pain. There were no significant differences between the

groups in frequency and time of first administration of

rescue analgesics and in side effects. Time for performance

of periarticular infiltration was significantly shorter than

that for SNB (p \ 0.05). The dose of intraoperative rem-

ifentanil was significantly lower in the SNB group than in

the PIA group (p \ 0.001).

Conclusions The combination of FNB and PIA provides

sufficient analgesia after TKA. The rapid and convenient

periarticular infiltration technique could be a good alter-

native to SNB.
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Introduction

It is well known that total knee arthroplasty (TKA) causes

severe postoperative pain. Femoral nerve block (FNB),

which provides analgesia at the anterior aspect of the knee,

shows higher quality of postoperative status after TKA [1]

because there are fewer side effects, such as neurological

complications, urinary retention, dizziness, sedation, pru-

ritus, nausea, vomiting, and inhibition of motor function in

the non-operated limb, than does epidural analgesia [2–4]

or patient-controlled analgesia (PCA) with morphine [3, 5].

However, residual posterior knee pain may decrease the

patient’s satisfaction. Thus, sciatic nerve block (SNB) in

addition to FNB has been suggested to provide better

analgesia around the operated knee than FNB alone [6, 7].
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Still, the intense motor blockade by SNB may decrease

satisfaction with anesthesia.

A possible alternative to peripheral nerve block is the

local infiltration analgesia technique. Recently, a conve-

nient local infiltration analgesia technique was developed

to reduce postoperative pain [8]. This simple technique is

usually performed during surgery by orthopedic surgeons.

Although it has been reported that the efficacy of this

technique is comparable to that of other analgesic methods

including epidural [9], FNB [10], and intrathecal morphine

[11], posterior knee pain after TKA has not been

investigated.

We hypothesized that periarticular infiltration analgesia

(PIA) would be effective for posterior knee pain after TKA,

as well as SNB. In this study, we assessed the analgesic

effect of PIA around the posterior knee, compared with

SNB in patients in whom FNB was performed. Our pri-

mary outcome was postoperative pain scores within 36 h.

Secondary outcome was existence of posterior knee pain,

frequency of rescue analgesics for 36 h, time for perfor-

mance of each analgesic technique, and dose of intraop-

erative remifentanil.

Methods

Ethical approval for the study was provided by the Ethics

Committee of Obihiro Kyokai Hospital (Obihiro, Japan).

All patients provided written informed consent before

enrollment in the study. Forty-nine patients with osteoar-

thritis, who were more than 20 years old, of American

Society of Anesthesiologists (ASA) physical status 1–2,

and scheduled for elective unilateral TKA under general

anesthesia were enrolled. Exclusion criteria were allergy or

intolerance to one of the study drugs, renal insufficiency,

language difficulty, mental illness, and dementia. Using

computerized random number tables and sealed opaque

envelopes, subjects were prospectively randomized into the

PIA group (n = 25) or SNB group (n = 24).

Preparation

Standard monitoring was used throughout the procedure,

including noninvasive arterial pressure, electrocardiogram,

and pulse oximetry. Peripheral nerve blocks were per-

formed using an ultrasound device (S-ICU; Sonosite, Bot-

hell, WA, USA) with a high-frequency, 6–13 MHz, linear

array transducer. A short-bevel, 22-gauge insulated nerve

block needle (Stimuplex D Plus; Braun, Melsungen, Ger-

many) was used for nerve blocks (50 mm for the femoral

nerve and 120 mm for the sciatic nerve). A nerve stimulator

was not used for these blocks. All blocks and general

anesthesia were performed by the same anesthesiologist.

Anesthesia

Before the operation, all patients received ultrasound-gui-

ded FNB with 20 ml 0.375 % ropivacaine. In the inguinal

region, after identifying the femoral nerve under the fascia

iliaca, local anesthetic solution was injected circumferen-

tially around the nerve by the in-plane technique. Success

of FNB was defined by loss of cold sensation at the knee by

alcohol-wet cotton. General anesthesia was induced with

2 mg/kg propofol and maintained with 1–2 % sevoflurane

and 40 % oxygen via an endotracheal tube. Rocuronium

0.8 mg/kg was administered to facilitate tracheal intuba-

tion. Intravenous remifentanil was added if surgical anes-

thesia was deemed inadequate during the surgery. Our

criteria for possibly insufficient anesthesia were a heart rate

that exceeded preinduction values by 15 % and/or a sys-

tolic arterial blood pressure that exceeded baseline values

by 20 % for at least 1 min. The total remifentanil dose

given throughout the case was recorded. Other opioids

were not administered. Patients were divided into two

groups (PIA group and SNB group).

PIA group

Periarticular infiltration was performed by the same sur-

geon after all bony cuts and before cementing the com-

ponents. A solution containing 0.5 % ropivacaine 60 ml

with 0.3 mg epinephrine was injected into the posterior

capsule of the knee around the attachment of the posterior

cruciate ligament (Fig. 1). Injections were not performed in

the anterior part of the knee including subcutaneous tissue.

Fig. 1 Periarticular infiltration. Before implantation of the knee

replacement system, surgeons injected 60 ml 0.5 % ropivacaine

containing 0.3 mg epinephrine in the periarticular infiltration analge-

sia (PIA) group and 20 ml normal saline containing 0.3 mg epineph-

rine in the sciatic nerve block (SNB) group into the posterior capsule

of the knee
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SNB group

Patients received ultrasound-guided SNB by the subgluteal

approach before FNB was performed. In the subgluteal

region, after identifying the sciatic nerve underneath the

gluteus muscle, 20 ml 0.375 % ropivacaine was injected by

the in-plane technique. Effect of SNB was confirmed by

loss of cold sensation in the lateral part of the lower leg.

During surgery, periarticular infiltration was also per-

formed with a solution containing 20 ml normal saline and

0.3 mg epinephrine by the same procedure as that used in

the PIA group. In this group, epinephrine was administered

to decrease bleeding at the request of the surgeons (in

particular, the region around the attachment of the posterior

cruciate ligament bleeds easily).

Surgery

All operations were performed using a minimally invasive

technique [12]. All patients received the Vanguard Com-

plete Knee System (Biomet, Warsaw, IN, USA). A thigh

tourniquet with a pressure of 300 mmHg was used to

minimize blood loss from the skin incision and was

released after wound closure. A drain tube was left in the

knee joint to drain blood after the operation. Antithrom-

botic therapy with low molecular weight heparin, enox-

aparin sodium, was started on the day after surgery and

was given for 2 weeks.

Postoperative pain management

All patients were postoperatively medicated with 60 mg

oral loxoprofen sodium every 8 h. When necessary, rescue

analgesics were given with 50 mg intravenous flurbiprofen

or 50 mg suppository diclofenac.

Recordings and measurements

We measured the performance time of periarticular

infiltration and ultrasound-guided SNB. We also recorded

total remifentanil dose consumption during surgery. The

time for performance of ultrasound-guided SNB was

defined as the time from the start of needle insertion to

completion of administration of local anesthetics. Per-

formance time of PIA was defined from insertion of the

needle to completion of injection. The frequency and

time of the first administration of rescue analgesics were

also recorded for 36 h after the operation. Nurses in the

ward, who did not know the group of each patient,

evaluated postoperative pain score. The worst pain score

during each period of 0–12, 12–24, and 24–36 h post-

operatively was estimated by a visual analogue scale

(VAS: 0 mm = no pain, 100 mm = worst imaginable

pain). The number of patients who had posterior knee

pain was also recorded. Incidences of nausea and other

adverse effects were recorded on the first postoperative

day. Physical therapists, who did not know the group of

each patient, assisted with rehabilitation and assessed

knee range of motion (ROM) at extension and flexion and

Barthel index [13] (daily function score of the activities

of daily living and mobility) preoperatively and at dis-

charge. The first postoperative day that the patient started

walking and length of postoperative hospital stay were

also recorded.

Our primary outcome was postoperative pain scores

within 36 h. Secondary outcome was existence of posterior

knee pain, frequency of rescue analgesics for 36 h, per-

formance time for each analgesic technique, and dose of

intraoperative remifentanil.

Statistics

Power analysis based on detecting a 10-mm difference in

VAS scores estimated that 24 patients were required in

each group [14]. We therefore included 49 patients in this

study. Data were analyzed using the unpaired t test for

demographic data, Mann–Whitney U test for comparison

of nonparametric data between groups, and Wilcoxon

signed-rank test for comparison of pre- and postoperative

values within each group. The chi-squared test or Fisher’s

exact test was used for other categorical data, and the log-

rank significance test was used for the time of first

administration of rescue analgesics. A p value \ 0.05 was

considered to be statistically significant.

Results

Patient characteristics in the two groups were similar

(Table 1). There were no major surgical complications

from adverse reactions to peripheral nerve blocks or local

anesthetic infiltration. Visual analogue pain scores at

12–24 h were significantly lower in the PIA group than in

the SNB group (p \ 0.05). Only a few patients had pos-

terior knee pain within 2 h after surgery (4.3 % in the PIA

group vs. 8.7 % in the SNB group), and most patients had

no posterior knee pain (76 % in the PIA group and 73 % in

the SNB group) during the period of 36 h after the oper-

ation (p = 0.68). Kaplan–Meier analysis of survival curves

for patients who did not require rescue analgesia showed

no significant difference between the groups (p = 0.078,

Fig. 2). Performance time in the PIA group was signifi-

cantly shorter than that in the SNB group (p = 0.023,

Table 2). The dose of intraoperative remifentanil was sig-

nificantly lower in the SNB group than in the PIA group.

There was no significant difference between the two groups

698 J Anesth (2014) 28:696–701

123



in postoperative nausea and vomiting or frequency of res-

cue analgesics. There were no significant differences in

knee ROM and Barthel index after the operation, postop-

erative physical status, and length of postoperative hospital

stay between the groups.

Discussion

TKA consistently results in severe postoperative pain.

Although FNB definitely eases post-TKA pain, 80–90 % of

patients still experience pain that requires supplemental

treatment in the immediate postoperative period [15, 16].

This pain is usually attributed to the sciatic or obturator

nerves innervating the knee joint. This study showed that

SNB was effective for reducing the amount of intraopera-

tive opioids. To the best of our knowledge, this is the first

study to compare the PIA technique with SNB in TKA

performed with FNB. Periarticular infiltration decreased

postoperative pain to a level comparable to that with SNB.

This easy technique provides sufficient postoperative

analgesia in the posterior side of the knee.

The posterior knee pain in post-TKA patients cannot be

ignored. The benefit of the addition of SNB to FNB is still

controversial [1, 17–19]. Three previous randomized con-

trolled trials provided positive evidence that addition of SNB

to FNB decreased pain score [6, 19], supplemental opioid

requirements [6, 7, 19], and opioid-related adverse effects [6].

As this study has shown, SNB are effective during the

Fig. 2 Kaplan–Meier analysis of the percent of patients in which no

rescue analgesic was used. A log-rank significance test was performed

to compare Kaplan–Meier survival curves. There was no significant

difference between groups (p = 0.078)

Table 2 Comparison between PIA group and SNB group

Variables PIA SNB p value

Performance time (s) 163 (135–183) 180 (180–265) 0.0231*

Intraoperative

remifentanil (mg)

1.00 (0.35–1.50) 0.0 (0–0.22) \0.001*

Postoperative nausea

and vomiting (%)

28 9 0.138

Visual analogue pain scale

0–12 h 0 (0–0) 20 (0–33) 0.071

12–24 h 0 (0–1.3) 15 (0–40) 0.019*

24–36 h 10 (4–40) 20 (4–30) 0.547

Frequency of rescue analgesics

0–12 h 0 (0–0.25) 0 (0–1) 0.463

12–24 h 0 (0–1) 0 (0–1) 0.547

24–36 h 0 (0–0.25) 0 (0–1) 0.234

Length of hospital

stay (days)

34 (30–38) 36 (30–42) 0.533

First postoperative

day to start walking

6 (4–6.2) 5.5 (5–7) 0.379

Knee extension (degrees)

Preoperative -10 (0–10) -10 (0–0) 0.481

Postoperative at

discharge

0 (0–0) 0 (0–0) 0.100

Knee flexion (degrees)

Preoperative 70 (60–80) 72.5 (65–80) 0.156

Postoperative at

discharge

100 (90–110) 110 (105–118) 0.132

Barthel index

Preoperative 42.5 (35–60) 42.5 (25–50) 0.338

Postoperative at

discharge

100 (95–100) 95 (94–100) 0.180

Values are presented as median (25–75 % interquartile range)

PIA, periarticular infiltration analgesia; SNB, sciatic nerve block

* indicates p \ 0.05 between PIA and SNB groups

Table 1 Patient characteristics

PIA group SNB group

Number of patients 25 24

Female/male (n) 24/1 21/3

Age (years) 77 (7) 78 (5)

Weight (kg) 61 (13) 64 (13)

Height (cm) 149 (7) 151 (7)

Body mass index (kg/m2) 27 (5) 28 (5)

ASA physical status I/II 2/23 1/23

Kellgren–Lawrence classification 4 (0) 4 (0)

Knee Society score

Knee score 33 (13) 31 (12)

Functional score 15 (27) 12 (23)

Duration of surgery (min) 174 (23) 173 (27)

Duration of tourniquet (min) 148 (29) 145 (31)

Values are shown as mean (standard deviation). There were no sig-

nificant differences between the two groups

PIA, periarticular infiltration analgesia; SNB, sciatic nerve block;

ASA, American Society of Anesthesiologists
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operation and significantly decreased intraoperative remif-

entanil dose. However, there are several disadvantages of

SNB. First, the combination of FNB and SNB causes intense

paralysis and it is often unacceptable not only for patients but

also orthopedic surgeons, who require immediate estimation

of lower extremity function after TKA [6, 7]. Second, accurate

ultrasound-guided SNB is time consuming regardless of

operator skill or insertion technique [20]. Moreover, possible

risks of hematoma or nerve injury by needle puncture or

catheterization sometimes narrow the indication of SNB [21,

22], especially for patients with coagulation abnormalities.

PIA, a convenient technique that has become popular, is easy

to perform and takes much less time than SNB. Following

initial reports of success using periarticular infiltration of

high-volume local anesthetics in TKA [23], recent open and

randomized studies have confirmed that this technique sig-

nificantly reduced the intensity of postoperative pain and

consumption of rescue analgesics [8, 24, 25]. This simple

technique can always provide a reliable effect, whereas effects

of peripheral nerve blocks might depend on the technique and

experience of the anesthesiologist. PIA affects only the sen-

sory nerve around the infiltrated area without motor dys-

function and has indication for patients with anticoagulant

disorders or antithrombotic therapy, even in cases in which

deep peripheral nerve blocks should be avoided. Our data

indicate that PIA and SNB provided similar quality of pain

relief after TKA in cases combined with FNB. Although the

dose of intraoperative remifentanil was significantly lower in

the SNB group than in the PIA group, the quality of postop-

erative analgesia was similar. It is reasonable that SNB was

more effective during the operation, because SNB was per-

formed before the operation.

The PIA technique for TKA in previous studies was

performed in almost all parts around the knee including the

capsule incision, quadriceps tendon, infrapatellar ligament,

and subcutaneous tissue [11, 26], or vastus intermedius and

lateralis [10]. In the present study, local anesthetics were

injected only into the posterior capsule and the attachment

of the posterior cruciate ligament because sufficient anal-

gesia at the anterior part of the knee was assumed to be

provided by FNB. Within 2 h after surgery, more than

90 % of the patients in the PIA group had no popliteal pain,

and analgesic quality and side effects in those patients were

the same as those in the SNB group. There has been no

focus on ‘‘popliteal pain’’ with each analgesic method in

studies on TKA. Our results suggest that local infiltration in

the dorsal side of the knee provides sufficient analgesia and

is an alternative to SNB.

Several types of drugs have been administered for PIA. The

long-acting local anesthetics ropivacaine and levobupiva-

caine are useful as local infiltration analgesics [23, 25, 27, 28].

Ketorolac, a nonsteroidal anti-inflammatory drug (NSAID), is

administered systemically and has recently been shown to be

an effective adjuvant to local anesthetic drugs [27, 29]. Spreng

et al. [30] reported that local administration of ketorolac and

morphine had significantly stronger effects on postoperative

pain than did intravenous administration. However, it is not

clear whether local administration of NSAIDs or opioids can

improve postoperative pain. Tissue damage caused by local

administration of NSAIDs is also uncertain. It is known that

NSAIDs and opioids are effective by systemic administration;

however, it is still controversial how these drugs have effects

when administrated locally.

There are some limitations in our study. First, we used

300 mg ropivacaine (in 60 ml) for the local infiltration

technique. However, the local infiltration technique is

limited to the posterior part of the knee, and the total

amount of ropivacaine could be reduced. Although the

plasma concentration of ropivacaine seems to be below a

systematic toxic level when high-volume PIA is used [31],

it should be noted that there is a risk of local anesthetic

toxicity as a possible adverse effect of the combination of

peripheral nerve block and PIA. Further studies are needed

to determine optimal dose and volume of local anesthetics.

Second, the effect of additional epinephrine injected with

saline in SNB group is uncertain. It might have had some

effects on postoperative pain scores. Third, NSAIDs

administration might not be sufficient for postoperative

pain management after TKA. Although frequency of rescue

analgesics is not our primary outcome, further investigation

is needed for precise evaluation of postoperative analgesia.

In conclusion, the combination of FNB and PIA pro-

vides sufficient analgesia after TKA. Although SNB could

decrease opioid consumption during the operation, PIA

using ropivacaine and epinephrine could provide sufficient

analgesia in the posterior part of the knee with potentially

the same analgesic effect as that of SNB. This study sug-

gests that the rapid and convenient periarticular infiltration

technique could be a good alternative to SNB. Further

studies should be performed to clarify optimal dose and a

better drug combination for local infiltration.
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