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Local anesthetics after total knee arthroplasty:
intraarticular or extraarticular administration?

A randomized, double-blind, placebo-controlled study
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Background High-volume local infiltration analgesia
with additional intraarticular and wound administra-
tion of local anesthetic has been shown to be effective
after knee replacement, but the optimum site of admin-
istration of the local anesthetic (i.e. intraarticular or
extraarticular) has not been evaluated.

Patients and methods 32 patients undergoing total
knee replacement with high-volume (170 mL) 0.2%
ropivacaine infiltration analgesia were randomized to
receive injection of 20 mL ropivacaine (0.2%) intraar-
ticularly plus 30 mL saline in the extraarticular wound
space 24 hours postoperatively or to receive 20 mL ropi-
vacaine (0.2%) intraarticularly plus 30 mL ropivacaine
(0.2%) in the extraarticular wound space 24 hours post-
operatively. Pain intensity at rest and with mobilization
was recorded for 4 hours after administration of addi-
tional local anesthetics.

Results Intensity of pain at rest, during flexion, or
straight leg lift was not statistically significantly differ-
ent between the two groups, but there was a tendency
of improved analgesia with administration of additional
local anesthetic in the extraarticular wound space.

Interpretation The optimal site of administration
of local anesthetic in total knee arthroplasty cannot be
determined from the present study. However, the insig-
nificant analgesic effect from additional administration
of extraarticular local anaesthetic may have been due
to the relatively low pain scores observed 24 h postop-
eratively, confirming the efficiency of the high-volume
infiltration analgesia technique. Further studies are

required to define the optimal site of administration of
local anesthetic following knee replacement surgery.

Pain after total knee arthroplasty (TKA) is usually
severe, limiting early rehabilitation and prolong-
ing hospital stay. Recently, several techniques to
improve analgesia after TKA have been intro-
duced—such as (1) intraarticular administration of
local anesthetics (Badneretal. 1996, Mauerhanetal.
1997, Klasen et al. 1999, Ritter et al. 1999, Tanaka
et al. 2001, Browne et al. 2004), (2) a high-volume
combined infiltration and local intermittent admin-
istration of anesthetic with an intraarticular cathe-
ter (LIA) (Reilly et al. 2005, Vendittoli et al. 2006,
Busch et al. 2006, Andersen et al. 2007a, b, Toft-
dahl et al. 2007) and (3) a combined technique with
infiltration plus continuous infusion in the wound,
including the subcutaneous tissues (Bianconi et
al. 2003). These techniques have been successful,
although intraarticular administration per se may
be less effective (Ritter et al. 1999). Since continu-
ous infusion of a wound with local anesthetic may
have a significant role in future postoperative pain
management in TKA (Liu et al. 2006), there is a
need for detailed systematic studies to evaluate the
optimal site of administration of local anesthetic.
The aim of this randomized, double-blind and pla-
cebo-controlled study was therefore to evaluate
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Demographic data from total knee arthroplasty and
local infiltration analgesia patients (n = 30) randomized
to receive either injection of 30 mL 0.2% ropivacaine
(group R) or injection of 30 mL 0.9% saline (group S)
upon retraction of the intraarticular catheter. Values are
expressed as mean (range) where relevant

Group R Group S

(n=16) (n=16)
Weight, kg 77 (52-111) 85 (50-125)
BMI 28 (19-40) 29 (19-40)
Age, years 67 (41-82) 74 (58-88)
Sex, F /M 13/3 10/6
ASA, /117111 3/11/2 2/12/2

BMI: body mass index.

and compare the specific effects of injecting local
anesthetic into the intraarticular or extraarticular
tissues after TKA using the LIA technique (Rost-
lund and Kehlet 2007).

Patients and methods

The study was approved by the local ethics com-
mittee (Copenhagen and Frederiksberg, Denmark,
Reg.No. KF-01329190) and conducted in accor-
dance with the Helsinki Declarations. It was also
registered with ClinicalTrials.gov under the US
National Library of Medicine (code NCT00518674)
and the Danish Data Protection Agency (Copen-
hagen, Denmark).

32 patients who were operated with unilateral
TKA between October 2006 and May 2007 were
included in this randomized, double-blind, pla-
cebo-controlled trial. Data collection took place
from October 2006 until May 2007. Patient char-
acteristics were similar in the two groups (Table).

All patients received local infiltration analgesia
with placement of an intraarticular catheter, and
the same standardized regimen was followed until
24 h postoperatively when they were randomly
assigned to receive injection with either 30 mL
saline or 30 mL ropivacaine (0.2%) and epineph-
rine (10 pg/mL) upon retraction and removal of
the intraarticular catheter. Exclusion criteria were
being under treatment with opioids or steroids,
being unable to understand or speak Danish, or
having rheumatoid arthritis, immunological dis-
ease, history of stroke, neurological or psychiatric

disease influencing pain perception, allergy to any
of the drugs administered, or a body mass index
(BMI) of > 40.

Inclusion of patients and preparation of study
medicine was done by an investigator who was
not otherwise involved in data collection. Injec-
tion of the study medicine and registration of data
was performed by one other investigator who was
unaware of the randomization data.

Randomization was done using a computer-gen-
erated random sequence concealed in 32 consecu-
tively numbered opaque sealed envelopes, which
were opened consecutively by the principal inves-
tigator after inclusion of each patient.

Procedures

All patients received lumbar spinal anesthesia with
12 mg hyperbaric marcaine (Bupivacaine) and
optional sedation with propofol (0.5-5 mg/kg/h).
In all patients, cefuroxim (1.5 g) was adminis-
tered intravenously for infection prophylaxis and
tranexamic acid (1 g) was given intravenously for
control of hemostasis. Low-molecular-weight hep-
arin (4,500 U) was administered subcutaneously
6-8 hours postoperatively for thromboprophylaxis,
and then once daily until discharge. A standardized
intraoperative regimen for fluid administration was
applied, consisting of 0.9% saline at 5 mL/kg/h
and colloid (Voluven) at 7.5 mL/kg/h. All patients
received celecoxib (400 mg/day), acetaminophen
(4 g/day), and gabapentin (900 mg/day) initiated
preoperatively on the morning of surgery.

A tricompartmental cemented AGC prosthe-
sis (Biomet-Merck, Warsaw, IN) inserted via a
standard medial parapatellar approach was used
in all patients. A femoral tourniquet (100 mmHg
above systolic blood pressure) was used from inci-
sion until cementation of the prosthesis. No drain
was used. Infiltration analgesia was performed
with injection of 120 mL ropivacaine (0.2%) and
epinephrine (10 pg/mL) and 50 mL ropivacaine
(0.2%, without epinephrine), resulting in a total
volume of 170 mL. The aim was to infiltrate all
tissues incised or handled using a systematic
technique, to ensure uniform delivery of the local
anesthetic. The first 50 mL was injected into the
posterior joint capsule and into both collateral liga-
ments after the bone cuts had been performed. 50
mL was then injected along the borders of and into
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the capsule, the cut quadriceps tendon, the infra-
patellar ligament, possible remnants of the fat pad,
the cruciate ligaments, and soft tissues surround-
ing the joint. Another 50 mL was infiltrated into
the subcutaneous tissues before wound closure.
To minimize the risk of cutaneous blister forma-
tion, the subcutaneous injections did not contain
epinephrine. After insertion of the prosthesis and
before joint closure, the surgeon placed an epidu-
ral 16-G catheter intraarticularly behind the medial
posterior femoral condyle with the tip along the
posterior aspect of the joint capsule. The catheter
was inserted 10 cm proximal to the surgical inci-
sion in the lower anterior part of the thigh, through
the subcutis and quadriceps tendon before pen-
etrating the joint capsule. The remaining 20 mL of
the drug mixture was injected through this catheter
before wound closure.

6 and 12 h postoperatively, a bolus injection of
20 mL ropivacaine (0.2%) with epinephrine (10
ug/mL) was injected through the catheter as part of
the postoperative analgesia regimen.

24 h postoperatively, both groups received an
injection of 20 mL ropivacaine (0.2%) with epi-
nephrine (10 pg/mL) intraarticularly through the
catheter. In group R, 30 mL ropivacaine (0.2%) with
epinephrine (10 pg/mL) was then injected upon
retraction of the intraarticular catheter (1 mL/cm),
ensuring uniform delivery of the local anesthetic to
the extraarticular tissues from the joint capsule to
the catheter insertion point, with delivery of local
anesthetic primarily to the subcutaneous tissues.
The distance from the insertion point of the cath-
eter to the intraarticular space was estimated to be
at least 15 cm, which would ensure delivery of at
least 15 mL local anesthetic to the extraarticular
and subcutaneous tissues. Group S received a simi-
lar injection with 30 mL 0.9% saline (1 mL/cm)
upon retraction and removal of the catheter.

Study parameters

The primary endpoint was change in pain inten-
sity over the 4-hour study period. All data were
recorded by one investigator who was blinded as to
the type of injection. Pain intensity was recorded
from 24 h postoperatively, immediately before
injection of medicine and every half hour for 4 h
after injection. Pain was assessed using a numeric
rank scale (NRS) from 0-10, where 0 indicated no

pain and 10 indicated the worst imaginable pain.
Pain was recorded at rest, upon 90° flexion of the
knee, and with straight leg elevated 45°. In the 4-h
study period, no additional analgesic was admin-
istered.

Statistics

The number of participants was arbitrarily set
at 32, since no valid power calculation could be
performed from previously published studies.
For statistical analysis, the Mann-Whitney U test
for non-parametric data was used for continuous
numeric data that were not normally distributed.
We considered p-values of < 0.05 to be statistically
significant. All data analysis was done with SPSS
for Windows version 12.0.

Results

The two groups were similar when comparing the
difference in median NRS pain scores reported
before injection until 1.5 hours after injection,
either at rest (p = 0.07), upon 90° flexion of the
knee (p = 0.4), or with straight leg elevated 45°
(p=0.1) (Figure 1). Similarly, comparisons at all
other time points were not statistically significant.

A subgroup analysis of patients who reported an
NRS pain score of = 4 before injection showed a
decrease at rest (mean difference 0.75, 95% confi-
dence interval -0.25-1.75) in the combined group
compared to intraarticular administration alone 1.5
hours after injection (Figure 2), but this decrease
was not statistically significant. There was no
significant difference between groups regarding
changes in NRS pain score in patients who reported
NRS pain scores of < 4 before injection (p > 0.5)
(Figure 3).

Discussion

Our findings confirm that the LIA technique (Reilly
et al. 2005, Busch et al. 2006, Vendittoli et al. 2006,
Toftdahl et al. 2007) is generally quite effective 24
hours after TKA, although many patients still have
an NRS of =4 during mobilization. Furthermore,
our results show that in a well-defined group of
patients there is on average no clinically relevant
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Figure 1. Pain scores for all 32 patients randomized to
receive either 30 mL 0.2% ropivacaine (n = 16) or 30 mL
0.9% saline (n = 16) in the extraarticular wound space fol-
lowing total knee arthroplasty. p > 0.05 when comparing
groups in all assessments.
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Figure 2. Pain scores for patients with NRS =4 at 24 h
postoperatively. There was no significant difference in
reduction in NRS scores during the first 1.5 hours when
the groups were compared at rest (p = 0.1), upon flexion of
the knee (p = 0.5), or with straight elevated leg (p = 0.1).
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Figure 3. Pain scores for patients with NRS < 4 at 24 h
postoperatively. p > 0.5 when comparing groups in all
assessments.

difference in analgesic effect of administration of
20 mL 0.2% ropivacaine intraarticularly or 20-35
mL 0.2% ropivacaine plus 15-30 mL 0.2% ropiva-
caine in the extraarticular wound space. This may
be due to the fact that many patients had relatively
low pain scores. In patients with a pain score of
> 4 before administration of local anesthetic, there
was a tendency (albeit not statistically significant)
of improved analgesia when the additional 30 mL
0.2% ropivacaine was given in the extraarticu-
lar wound spaces while 20 mL 0.2% ropivacaine
intraarticularly alone did not improve analgesia.
These results may therefore have important clinical
implications for future continuous local anesthetic
administration studies in major joint replacement
by suggesting that a significant amount, if not all,
of the local anesthetic should be administered at
the extraarticular wound spaces.

Our results may not be discordant with those
reported previously, but with a different design.
Thus, most randomized controlled trials on single-
dose, local administration of anesthetic intraar-
ticularly after TKA have shown no effect on pain
(Badner et al. 1996, Klasen et al. 1999, Ritter et al.
1999, Browne et al. 2004) and the 6 randomized
studies on LIA technique with a combined infiltra-
tion and local administration of anesthetic intraar-
ticularly have shown relatively low pain scores, but
no information is available on the analgesic effect
of injection through the intraarticular catheter per
se (Reilly et al. 2005, Busch et al. 2006, Vendit-
toli et al. 2006, Andersen et al. 2007a, b, Toftdahl
et al. 2007). In the only randomized study with a
combination of injection technique and continu-
ous wound infusion at extraarticular sites, reduced
pain scores were obtained (Bianconi et al 2003).
Based on the results in the literature and those
in the present study, future studies to improve
analgesia with continuous wound administration
techniques should therefore specifically focus on
administration of all the local anesthetic in extraar-
ticular wound spaces as opposed to in the intraar-
ticular space per se. Such studies will be important
to define the optimal site of administration of local
anesthetic, since there is a limit to the amount of
doses that can be given. In this context, there is also
a need for volume vs. concentration studies since
variable regimens have been used in the literature,
which does not permit any conclusions to be drawn
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regarding the optimal dose and volume. Since the
overall wound space after TKA is relatively small,
it may be important to use a higher concentration
of local anesthetic than those reported in the lit-
erature (about 0.2-0.25% ropivacaine or bupiva-
caine) and with a smaller volume. Such studies
will undoubtedly have clinical implications for
improvement of analgesia after TKA since the
wound infusion techniques from all types of sur-
gery have been reported to be safe and simple, with
acceptable patient compliance (Liu et al 20006).
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