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Local infiltration analgesia in primary total knee
arthroplasty
YY Fang *, QJ Lee, Esther WY Chang, YC Wong

and consumption, as well as pain scores from
postoperative day (POD) 1 to POD 4, were lower in
the LIA group than in the control group. The range
of motion from POD 1 to POD 4 and quadriceps
power on POD 1 were higher in the LIA group than
in the control group. Quadriceps power from POD 2
to POD 4 and postoperative length of stay were not
significantly different between groups.

ABSTRACT

This article was
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Introduction: Postoperative pain in total knee
arthroplasty (TKA) can hinder rehabilitation and
cause morbidity. Local infiltration analgesia (LIA),
comprising an anaesthetic drug, non-steroidal
anti-inflammatory drug, and adrenaline, has been
introduced to reduce pain and systemic side-effects.
This study evaluated the efficacy of LIA in TKA with
respect to morphine consumption and postoperative Conclusions: Intra-operative single-dose LIA can
effectively reduce postoperative pain, morphine
pain score.
demand, and morphine consumption. Therefore, the
Methods: This single-centre retrospective cohort
use of LIA is recommended during TKA.
study recruited patients with knee osteoarthritis
who were scheduled for primary TKA during
the period from January 2017 to December Hong Kong Med J 2019;25:279–86
2017. Patients with chronic inflammatory joint https://doi.org/10.12809/hkmj187756
disease, contra-indications for LIA, or dementia
were excluded. Patients in the LIA group were 1 YY Fang *, MB, BS
2
administered single-dose LIA intra-operatively, 2 QJ Lee, FCSHK, FHKCOS
while those in the control group were not. Primary 2 EWY Chang, MSc
YC Wong, FHKCOS
outcomes were postoperative pain score, morphine
demand, and morphine consumption; secondary 1 Department of Orthopaedics and Traumatology, Princess Margaret
outcomes were range of motion, quadriceps power, Hospital, Laichikok, Hong Kong
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Department of Orthopaedics and Traumatology, Yan Chai Hospital, Tsuen
and postoperative length of stay.
Results: In total, 136 patients were recruited (68
per group). Total postoperative morphine demand
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New knowledge added by this study
• After total knee arthroplasty (TKA), postoperative morphine demand and consumption, as well as pain scores
from postoperative day (POD) 1 to POD 4, were lower in the local infiltration analgesia (LIA) group than in the
control group.
• The range of motion from POD 1 to POD 4 and quadriceps power on POD 1 were greater in the LIA group than
in the control group.
• Quadriceps power from POD 2 to POD 4 and postoperative length of stay were not significantly different
between groups.
Implications for clinical practice or policy
• Intra-operative administration of LIA effectively reduced postoperative patient pain and consumption of
morphine.
• Routine use of LIA in TKA protocols may facilitate more rapid recovery from surgery through earlier return of
range of motion and quadriceps power.

Introduction

Total knee arthroplasty (TKA) is a common
orthopaedic procedure to relieve the problem
of end-stage degenerative knee osteoarthritis,
particularly in the context of the ageing population,
increasing incidence of degenerative joint diseases,
and modern emphasis on quality of life. However,
TKA is associated with significant postoperative
pain, which can hinder rehabilitation and cause
Hong Kong Medical Journal

morbidity.1 Various methods for pain relief have been
introduced, including epidural analgesia, peripheral
nerve blocks, local infiltration analgesia (LIA),
intravenous patient-controlled analgesia, and oral
analgesia. Spinal anaesthesia has been associated
with severe complications, such as postoperative
headache, intra-operative hypotension, and risk of
spinal infection.1 In addition, intravenous or oral
narcotics can cause nausea, vomiting, somnolence,
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局部麻醉於全膝關節置換術中應用的效果
范盈欣、李君哲、曾慧儀、黃耀忠
引言：全膝關節置換術（TKA）的術後疼痛會有礙術後康復及增加併
發症發病率。因此，由麻醉藥、非類固醇止痛藥和腎上腺素混合而成
的局部麻醉混合針（LIA）愈趨盛行，以減輕術後疼痛和系統性併發
症。本研究旨在以TKA術後疼痛和嗎啡用量探討LIA的成效。
方法：本隊列研究對象為本地一間醫院內，於2017年1月至12月進行
初次TKA的退化性關節炎患者。研究納入條件為退化性膝關節患者；
排除條件為類風濕性關節炎、對LIA有敏感或不良反應以及腦退化患
者。實驗組患者會在手術中接受LIA，對照組則沒有任何術中止痛藥
注射。研究的主要指標為患者的主觀痛楚、自控嗎啡需求和用量；次
要指標為膝關節的術後屈曲幅度、四頭肌力量和術後住院時間。
結果：實驗組及對照組各有68例。實驗組患者在術後第1至4天有較輕
微的術後痛楚、較低嗎啡需求和用量以及較佳膝關節屈曲幅度。在術
後第1天，實驗組患者的四頭肌力量比控制組患者為大。在術後第2至
4天，兩組患者的四頭肌力量和術後留院時間沒有顯著分別。
結論：建議術中使用LIA，能有效減輕術後疼痛、減少嗎啡需求和用
量。

respiratory depression, and urinary retention.1 Thus,
LIA has become increasingly popular for its potential
to avoid these complications.
Local infiltration analgesia was first described
by Kerr and Kohan2 in Australia in 2008. It involves
use of a mixture of an anaesthetic drug and a
non-steroidal anti-inflammatory drug, to which
adrenaline or a corticosteroid can be added.3
Local infiltration analgesia is administered intraoperatively through injection into the posterior
capsule of the knee, as well as the soft tissues around
the surgical field.3,4 There is increasing evidence to
support the use of LIA in TKA.4-8 However, other
studies have shown that the efficacy of LIA during
TKA is not superior to that of previously available
methods.9-11 In addition, the use of LIA is reportedly
safe,1,12-15 but has only recently been adopted in
medical centres in Hong Kong. To the best of our
knowledge, there have been no studies of the efficacy
of LIA in patients undergoing TKA in Hong Kong.
We aimed to investigate the efficacy of LIA in
patients with knee osteoarthritis undergoing TKA.
The primary outcomes of this study were pain scores
and morphine consumption from postoperative day
(POD) 1 to POD 4. The secondary outcomes of this
study were range of motion, quadriceps power, and
postoperative length of stay.

Patients and study population
This study was approved by the Kowloon West
Cluster Research Ethics Committee. The study
cohort consisted of Chinese patients aged ≥18
years with knee osteoarthritis who were scheduled
to undergo primary TKA during the period from
January 2017 to December 2017 in Yan Chai
Hospital in Hong Kong. Exclusion criteria were
the presence of chronic inflammatory joint disease
(eg, rheumatoid arthritis or Charcot arthropathy);
current use of other medications or measures that
may alter pain tolerance (eg, regular steroid or opioid
use, nerve blocks, or epidural anaesthesia); presence
of dementia; presence of conditions precluding
the use of LIA (eg, allergy or intolerance to a drug
used in LIA, renal insufficiency, bleeding disorder,
or prolonged QT interval). The use of LIA in TKA
began on 14 June 2017. Therefore, there were two
matched cohorts in this study: the control group was
recruited before 14 June 2017, when LIA was not
yet used; the LIA group was recruited on or after 14
June 2017, when LIA was routinely administered if
not contra-indicated.

Study procedures

Baseline assessments were performed for all patients
in this study, including preoperative blood tests
and relevant X-rays. Written informed consent for
TKA was provided by each patient. As noted above,
the use of LIA in the centre began on 14 June 2017;
therefore, patients who underwent TKA on or
after that date also gave written informed
consent to receive LIA, provided that they did not
have any contra-indications to LIA. Antibiotic
prophylaxis was administered to each patient prior
to operation.
All TKA procedures were performed by
surgeons in Yan Chai Hospital, using the medial
parapatellar approach. A tourniquet was applied to
the operated limb with pressure 2 times the systolic
blood pressure; the tourniquet was released after
wound closure. Cemented prostheses were used in
all cases.
Intra-operative
single-dose
LIA
was
administered to patients in the LIA group. The
LIA mixture consisted of 30 mg ketorolac, 100
mg levobupivacaine, and 0.5 mg adrenaline; these
components were diluted in normal saline to a final
volume of 100 mL, using sterile technique. The LIA
mixture was prepared in two 50-mL syringes with
19-gauge needles for injection, and injection was
performed at three time points. The first injection
Methods
was performed before prosthesis cementation and
Study design
implantation. The posterior capsule was infiltrated
This was a single-centre, retrospective cohort study with approximately 20% of the total volume of LIA.
based in Yan Chai Hospital, a joint centre in Hong During infiltration, the midpoint of the posterior
Kong.
capsule was avoided, due to the close proximity of
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the neurovascular bundle. The second injection
was performed after prosthesis implantation: 60%
of the total volume of LIA was infiltrated into the
released collateral ligaments, both gutters, anterior
supracondylar soft tissue, quadriceps cut ends, and
retinaculum. The third injection was performed
immediately before skin closure: the remaining 20%
of the total LIA volume was injected subcutaneously.
For the control group, no LIA was administered.
A suction drain at 200 mm Hg was inserted in all
patients, and was removed on POD 1.
In both control and LIA groups, the same
postoperative protocol was followed. Immediately
postoperatively, each patient received instruction
from a nurse regarding the use of patient-controlled
anaesthesia (PCA), which comprised 1 mg/mL
morphine. When patients experienced pain, they
could self-administer 1 mg of morphine intravenously.
To prevent overdose, the lockout interval was set
at 6 minutes, and the 4-hour maximum morphine
dose was 30 mg. Patient-controlled anaesthesia was
discontinued on POD 1 or 2, in accordance with the
anaesthetist’s assessment. In addition to intravenous
morphine, oral analgesics were administered; these
included 1 g acetaminophen 4 times daily for 6 days
and 50 mg tramadol 4 times daily for 4 days. After the
administration period of oral analgesics (6 days for
acetaminophen and 4 days of tramadol), these oral
analgesics were administered only when necessary.
Physiotherapy to achieve full weight-bearing walking
was offered to all patients on POD 1. Routine deep
vein thrombosis screening was performed once,
on or after POD 3 by Doppler ultrasound in the
Radiology Department of Yan Chai Hospital.

Outcomes

Primary outcomes were visual analogue scale (VAS)
pain score during the period from POD 1 to POD
4 and total morphine use. Visual analogue scale
pain scores were rated by patients using a scale of
0 to 10, where 0 was no pain and 10 was the highest
pain imaginable. The amounts (in milligrams) of
morphine demanded and consumed by each patient
were recorded; there may be a discrepancy between
these two values because a lockout interval and
maximum dose of morphine were set in the PCA
machine to avoid patient overdose. As noted above,
PCA was discontinued on either POD 1 or POD 2, in
accordance with the anaesthetist’s assessment.
Secondary outcomes were range of motion
(ie, degrees of active flexion) during the period from
POD 1 to POD 4, quadriceps power during the period
from POD 1 to POD 4, and postoperative length
of stay. Degrees of active flexion and quadriceps
power were used because both have been shown
to positively influence rehabilitation and functional
ability.16,17 Degrees of active flexion was measured by
the attending physician during daily ward rounds,

using a goniometer; measurements were corrected
to the nearest 5 degrees. Quadriceps power was
also rated by the attending physician during daily
ward rounds, using the Medical Research Council
rating scale of 0 to 5.18 Quadriceps power ≥3 was
used as a cut-off in the present study; the percentage
of patients in each group with quadriceps power
≥3 was assessed during the period from POD 1 to
POD 4. Postoperative length of stay was recorded
as the number of days that patients remained in the
hospital after TKA.

Sample size
The primary outcomes were postoperative VAS pain
score and total morphine consumption. Previous
studies assessed VAS pain score using scales of 0 to
10 (where 0=no pain and 10=extreme pain) or 0 to
100 mm (where 0=no pain and 100=extreme pain)
with 10-mm increments.19-25 In previous studies that
have used a 10-point VAS pain score scale, mean
(standard deviation) postoperative VAS pain score
was 6.1 (1.1) in the control group.2,19,20,26 Therefore,
a reduction of 1 point in the VAS pain score was
considered to be a clinically relevant difference. The
sample size for the present study was calculated
using an alpha level of 0.05 and 80% power. With
these assumptions, a sample size of 19 patients per
group was needed to detect a 1-point reduction in
VAS pain score (ClinCalc.com; clincalc.com/stats/
samplesize.aspx). In addition, a reduction of 40%
in morphine usage was considered to be a clinically
relevant difference.27 Based on previous studies, the
mean (standard deviation) of total morphine usage
was 20.6 (6.8) mg.2,28 Using the above alpha and
power values, a sample size of 11 patients per group
was needed to detect a 40% reduction in morphine
usage.
To allow for analysis of secondary outcomes
and attrition due to missing data, a more conservative
sample size estimation was adopted. The estimated
sample size for range of motion was 57 patients per
group, based on the report published by Zhang et
al,29 and a 5% increase in degree of flexion being
considered clinically relevant. To allow 15% attrition
due to missing data, a sample size of 68 patients per
group was used.

Statistical analysis
Statistical analyses were performed with SPSS
(Windows version 23.0; IBM Corp, Armonk
[NY], United States). The Chi squared test was
used to analyse categorical variables between two
groups (LIA and control). The Shapiro-Wilk test
was used to determine whether data followed a
normal distribution. The independent samples
t test and Mann-Whitney U test were used to
compare respective parametric and non-parametric
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continuous data between the two groups. Differences Results
with P<0.05 were considered to be statistically
A total of 136 knees were recruited (68 per group).
significant.
There were no significant differences between
the groups with respect to baseline demographic
data (Table 1). The results of the Shapiro-Wilk test
showed that the following data were not normally
distributed: VAS pain score, morphine consumption,
TABLE 1. Patient demographic data*
degrees of active flexion, and postoperative length of
LIA (n=68)
Control (n=68)
P value
stay.
Age (years)

71.7 ± 6.5

70.9 ± 7.2

Sex

0.502
0.583

Women

64.7%

70.6%

35.3%

29.4%

26.76 ± 4.08

28.10 ± 5.83

Class I

5 (7.4%)

6 (8.8%)

Class II

47 (69.1%)

40 (58.8%)

Class III

16 (23.5%)

22 (32.4%)

2.24

2.78

Men
BMI (kg/m )
2

ASA

SA:GA ratio

Complications

0.449

There were no cases of wound infection, delayed
wound healing, or prolonged wound drainage. One
patient in the LIA group experienced medial tibial
plateau fracture intra-operatively; the fracture was
repaired using a screw. One patient in the LIA group
had an incidental finding of popliteal vein aneurysm
during routine postoperative Doppler ultrasound
screening for deep vein thrombosis.

0.569

Primary outcomes

0.122

Abbreviations: ASA = American Society of Anesthesiologists
status; BMI = body mass index; GA = general anaesthesia; LIA =
local infiltration analgesia; SA = spinal anaesthesia
* Data are shown as mean ± standard deviation or No. (%) of
patients, unless otherwise specified

Visual analogue scale pain score
As noted above, VAS pain score data followed a
non-normal distribution. Thus, the Mann-Whitney
U test was used for comparison between the two

LIA

Control

6

Visual analogue pain socre

5

4

3

2

1

0
POD 1

POD 2

POD 3

FIG. Postoperative pain scores from day 1 to 4*
Abbreviations: LIA = local infiltration analgesia; POD = postoperative day
* Data are shown as mean ± 95% confidence interval
† P<0.05
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TABLE 2. Degrees of active flexion from postoperative day 1 to 4
LIA group

Control

P value

POD 1

36.25° (95% CI=32.02°-40.48°)

30.07° (95% CI=27.40°-32.75°)

0.049

POD 2

49.34° (95% CI=44.36°-54.31°)

41.84° (95% CI=38.36°-45.31°)

0.023

POD 3

62.28° (95% CI=56.99°-67.57°)

53.91° (95% CI=48.38°-59.45°)

0.04

POD 4

72.35° (95% CI=66.98°-77.73°)

62.50° (95% CI=54.48°-70.52°)

0.02

Abbreviations: 95% CI = 95% confidence interval; POD = postoperative day

TABLE 3. Percentages of patients with quadriceps power ≥3
LIA group

Control

P value

POD 1

70.6%

29.4%

<0.001

POD 2

82.4%

69.1%

0.072

POD 3

85.3%

77.9%

0.268

POD 4

88.2%

86.4%

0.745

Abbreviation: POD = postoperative day

≥3 was compared between the two groups using the
Chi squared test. On POD 1, 70.6% of patients in the
LIA group had quadriceps power ≥3, compared with
29.4% of patients in the control group (P<0.001).
On POD 2, POD 3, and POD 4, there was a trend
suggestive of a higher percentage of patients in
the LIA group with quadriceps power ≥3, but the
difference was not statistically significant (Table 3).
Postoperative length of stay

groups. Patients in the LIA group had significantly
lower pain scores during the period from POD 1 to
POD 4, compared with patients in the control group
(Fig). On POD 1, the mean VAS pain score was 3.07
in the LIA group, compared with 4.96 in the control
group (P<0.001); on POD 2, the LIA group had a
pain score of 3.14, compared with 4.21 in the control
group (P<0.001). Differences in pain score on POD 3
and POD 4 were smaller, but remained statistically
significant. On POD 3, the pain score in the LIA
group was 3.12, while that in the control group was
3.79 (P=0.001); on POD 4, the pain score in the LIA
group was 2.89, while that in the control group was
3.66 (P<0.001) [Fig].

Morphine consumption
The mean amount of morphine demanded by
patients through PCA in the LIA group was 20.10
mg, whereas that in the control group was 29.85 mg
(P<0.001, Mann-Whitney U test). The mean amount
of morphine consumed by patients in the LIA group
was 11.85 mg, while that in the control group was
19.54 mg (P<0.001, Mann-Whitney U test).

Secondary outcomes
Range of motion

The range of motion (degrees of active flexion) in
the LIA group was significantly greater than that in
the control group during the period from POD 1 to
POD 4 (P<0.05 for all comparisons, Mann-Whitney
U test) [Table 2].
Quadriceps power
The percentage of patients with quadriceps power

The postoperative length of stay did not significantly
differ between LIA and control groups (5.49 days vs
6.29 days; P=0.092, Mann-Whitney U test).

Discussion

Pain is an important concern during and immediately
after TKA, as it affects patients’ quality of life and
can hinder rehabilitation progress. A single intraoperative dose of LIA consisting of a mixture of
levobupivacaine, ketorolac, and adrenaline improved
postoperative pain control, as evidenced by reduced
VAS pain scores during the period from POD 1 to
POD 4 in the present study. Some previous studies2,29
demonstrated no significant differences in pain
score between LIA and control groups from POD 1
onwards. In more recent studies by Vaishya et al8 and
Fan,30 pain-relieving effects of LIA were observed
through POD 3, which was similar to the findings of
significantly lower pain scores through POD 4 in our
study. In addition, differences in pain scores between
groups appeared to be greater on POD 1 and POD 2
than on POD 3 and POD 4.
There is no gold standard for LIA. Briefly,
it consists of a local anaesthetic, non-steroidal
anti-inflammatory drug, and adrenaline; some
authors have added morphine and/or steroid to the
mixture.24,30-32 Most studies have used ropivacaine as
the local anaesthetic, while some used bupivacaine.
The only previous study performed in Hong Kong30
and the present study both used levobupivacaine.
According to Casati and Putzu,15 ropivacaine
and levobupivacaine were developed to avoid
bupivacaine-related severe toxicity. Compared
with bupivacaine, ropivacaine and levobupivacaine
have slightly lower anaesthetic potency; however,
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they exhibit lower central nervous system and
cardiovascular toxicity. There is an increasing trend
for using ropivacaine or levobupivacaine in LIA,
rather than bupivacaine.15 Because of the variations
in LIA mixtures, it is difficult to identify the ‘most
effective’ component or components. Thus, further
studies are needed to support standardisation of
LIA.
Both morphine demand and consumption
were lower in the LIA group. Because PCA in this
study included the use of a lockout interval to avoid
morphine overdose, we analysed morphine demand,
which more accurately reflected the need for pain
control in each patient. Previous studies have
reported convincing evidence for lower morphine
consumption in patients who had received LIA
during TKA.1,2,21-23,27,28,30,31,33 However, none of the
previous studies assessed morphine demand. In
the present study, the reduction of both morphine
demand and consumption in the LIA group further
support the conclusion that the use of LIA improved
pain control after TKA.
An incidental finding of popliteal vein
aneurysm was noted in one patient in the LIA group.
Venous aneurysm is rare, but can be a source of
thromboembolism.34 Nearly all patients described
in the literature were symptomatic, and the most
common symptoms were pulmonary embolism
and post-thrombotic syndrome.35 The definition of
venous aneurysm remains controversial. According
to Sadowska et al,36 the diameter of a normal
popliteal vein varies from 5 to 12 mm in women and
7 to 13 mm in men; some authors have suggested
that the diameter of the venous aneurysm should be
twice the normal diameter, while other reports have
suggested that it should be at least 3 times the normal
diameter.35 In the present study, the patient had a
fusiform dilatation (anteroposterior diameter=22
mm; length=20 mm) of the popliteal vein with
reflux noted. The popliteal vein aneurysm was in
the distal portion of the popliteal fossa, immediately
proximal to the branching of the saphenous vein,
which was not involved; the popliteal vein was
posterior and lateral to the popliteal artery at that
level, and there was no intraluminal thrombus. The
patient remained asymptomatic throughout and
was referred to vascular specialists in our hospital
for further follow-up; repeated duplex ultrasound by
the vascular specialists at 4 months postoperatively
showed no progression of the aneurysm. The
popliteal vein was fully compressible without any
thrombus. In addition, there was no aneurysm or
pseudoaneurysm in the popliteal artery; thus, the
patient continues to receive conservative treatment.
The pathogenesis of popliteal vein aneurysm
is uncertain. Possible causes include congenital
weakness, trauma, inflammation, and localised
degenerative changes.35 A popliteal vein aneurysm
284

has been reported as a result of post-arthroscopy
trauma,37 but has not been associated with TKA.
Nonetheless, popliteal artery pseudoaneurysm is
an uncommon complication of TKA that has been
previously reported.38,39 Pseudoaneurysm implies
that trauma to the artery may have occurred during
TKA, which may comprise direct incision, injury
during the injection of LIA, or blunt instrument
trauma (eg, from an oscillating saw). With the
increasing use of LIA, it is important to consider
the risk of vascular complications during injection
into the posterior capsule. The potential for popliteal
pseudoaneurysm after LIA is not yet known. We
consider it to be unlikely that the popliteal aneurysm
in our patient was a complication of TKA and/or
LIA.

Conclusion

Intra-operative single-dose LIA can effectively
reduce postoperative pain during the period from
POD 1 to POD 4, and can reduce both the demand
and consumption of morphine. Therefore, we
recommend the use of LIA in TKA. Further studies
are warranted to evaluate the impact of LIA on longterm functional outcome, as well as to establish a
gold standard for the administration of LIA.
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