Pain management in total knee arthroplasty: efficacy
of a multimodal opiate-free protocol
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Abstract

Purpose: this study was conducted to identify the
most effective method of postoperative pain manage-
ment, comparing the intravenous opiate infusion pro-
tocol with the use of a single periarticular local anes-
thetic infiltration (LAI) in patients undergoing total
knee arthroplasty (TKA) surgery.

Methods: 50 patients submitted to TKA surgery
between 2013 and 2015 were divided into two groups.
Buprenorphine was administered intravenously to the
patients in Group A, while the Group B patients
received a single periarticular LAI (ropivacaine and
ketorolac) during surgery.

Pain was assessed using a visual analog scale (VAS)
and the knee injury and osteoarthritis outcome score.
Hemoglobin and hematocrit were measured in the
eatly postoperative period and at 40 days post-surgery.
Range of motion and inflammatory markers were also
assessed. Statistical analysis was performed using
Student’s t-test.

Results: student’s t-test showed no significant differ-
ence between the groups in functional outcomes or
blood values, but a difference in VAS score on the
day of surgery was found (p < 0.0001), in favor of
Group B.

Conclusions: LAI considerably reduces postopera-
tive pain, allowing rapid mobilization and accelerating
functional recovery.

Level of evidence: Level I, prospective single-blind
randomized trial.
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Introduction

Total knee arthroplasty (TKA) is among the most suc-
cessful orthopaedic procedures in treating knee
osteoarthritis and improving quality of life (1).
However, arthroplasty procedures, especially knee re-
placements, are commonly associated with severe
postoperative pain (2-4).

Pain after TKA may delay eatly mobilization, prolong
hospitalization, and increase the risk of postoperative
complications, such as knee stiffness, anterior knee
pain and delayed recovery of strength (1, 5).

It is essential to achieve adequate postoperative pain
control, starting from as early as the intraoperative
phase (6). Increasing evidence shows that the anesthe-
sia and analgesia agents administered in the perioper-
ative period may affect the rates of surgical site infec-
tion, urinary retention, nausea and vomiting (7).
Essentially, anesthesia and pain management proto-
cols consist of either general anesthesia combined
with femoral nerve block (FNB), or spinal anesthesia
associated with morphine (8); recently, patient-con-
trolled analgesia has been widely reported, because of
its therapeutic effects and safety (9).

In view of the huge variety of available procedures
and agents, it is important, when secking to obtain the
ideal postoperative management protocol, to consider
the possible collateral effects of each single treatment.
The adverse effects that may occur, especially when
different agents are combined, are nausea, emesis,
excessive sedation, hypotension and inhibition of res-
piration (10).

Because of the wide range of pain relief methods that

JOINTS 2016;4(4):222-227



Multimodal pain management in TKA

exist, the ideal multimodal analgesia may be achieved
by combining different drugs using different adminis-
tration routes in order to avoid side effects and com-
plications and improve patient safety (9), as recom-
mended by the American Society of Anesthesiologists
practice guidelines for acute pain management (11).
To ensure a proper approach to postoperative analge-
sia, it is crucial to consider the preoperative comor-
bidities commonly present in patients undergoing
TIKA. In particular, preoperative psychological comor-
bidities, such as anxiety, depression or negative mood,
have been significantly associated with acute postop-
erative pain after TKA (12); furthermore, preoperative
antidepressant use and opioid use have each been
shown to be among the significant predictors of mod-
erate to severe acute postoperative pain (13).

Several studies have suggested that the administration
of selective COX-2 inhibitors may reduce postopera-
tive pain and consumption of opioid analgesics after
TKA, thus improving the active range of motion
(ROM) in the immediate postoperative period (14).
Over recent years, perioperative local anesthetic infil-
tration (LAI) has emerged as one of the preferred
techniques for postoperative pain management. A sys-
tematic review by Marques et al. reported that lower
pain levels at rest at 24 hours and during activity at 48
hours have been recorded in patients receiving LAI
after TKA; indeed, these patients required less opioid
medication, and showed a reduction of opioid-related
collateral effects such as vomiting and nausea (15).
The aim of this study was to identify the most effec-
tive method of postoperative pain management
comparing the intravenous opiate infusion protocol
with a single periarticular LAI in patients submitted
to TKA surgery.

Methods

Participants

This prospective single-blind randomized study was
conducted in 50 patients (11 males and 39 females) with
a mean age of 73 years (range, 55-84), submitted to
TKA surgery between 2013 and 2015. Patients under-
going revision surgery were excluded from the study.
The patients were divided into two groups (A and B)
each comprising 25 cases. Gender, age, body mass

index (BMI), knee alignment and possible knee laxity
were recorded preoperatively as baseline characteristics.

Interventions

All the surgical procedures were performed by the
same surgeon at a single hospital center. All the
patients underwent intraarticular injection of tranex-
amic acid (TXA) intraoperatively (Fig. 1); tourniquet
was inflated in all cases to a pressure of 100 mmHg
above systolic arterial pressure.

In Group A, an intravenous infusion of 0.3 mg of
buprenorphine in 250 cl of normal saline, delivered at
a rate of 20 ml/h, was given within the first 12 hours
postoperatively. In Group B, patients received a single
petiarticular LATI (2 vials of ropivacaine 10 mg/dl and
1 vial of ketorolac 30 mg/dl) during surgery (Fig. 2).
Subsequently, etoricoxib 90 mg was administered oral-
ly, within the first 24 hours. Paracetamol 1 g was infu-
sed every 6 hours during the day after the surgery in
both groups. No drainage procedures were performed
after surgery. Manual lymphatic drainage was started
during the first postoperative hours in both groups.

Outcome measurements

All patients were examined using the Knee Injury and
Osteoarthritis Outcome Score (KOOS) at the baseline
assessment and at clinical follow-up. A visual analog
scale (VAS) was used to assess the pain levels on the
day of surgery, within 1 week and 40 days after surgery.
Hemoglobin and hematocrit were measured within 1
week following the surgery to evaluate blood loss. At
40 days after surgery, inflammatory markers, specifi-
cally erythrocyte sedimentation rate, and C-reactive
protein, were assessed, as was the postoperative range

Figure 1. Topical application of
tranexamic acid, before starting
osteotomies (A) and before
deflating the tourniquet and
starting the wound closure (B).
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of motion (ROM) as a clinical measure.

Data analysis

Student’s t-test was used to compare the results in the
two groups. A p-value of less than 0.05 was consid-
ered statistically significant. All data were expressed as
mean values with standard deviation (SD).

Results

Descriptive statistics of the two groups revealed no
differences in age, gender, incidence of obesity, pre-

Figure 2. Local infiltration analgesia (LAIl) of soft tissues with ropiva-
caine and ketorolac, before implanting the prosthesis.

Table 1. Patient demographics and baseline characteristics.

operative knee alignment or presence of knee medial
ligament laxity (Tab. 1).

The mean follow-up was 4 months (range, 2-6
months). Student’s t-test showed no significant differ-
ence in KOOS and ROM outcomes between the two
groups.

Similarly, blood values and inflammatory markers did
not differ significantly between the two groups, and
neither did the pain assessment, with the exception of
the VAS score on the day of surgery. This value was
significantly lower in group B (p-value = 0.0001), a
finding attributable to the action of periarticular LAI,
which prolongs the analgesic effect in the immediate
postoperative hours. Red blood cell transfusion was
necessary in only one patient in each group.

Discussion

The combination of multimodal analgesia, preemptive
analgesia and neuraxial anesthesia may be supplement-
ed by peripheral nerve block (PNB), LAI or both.
Several studies have already tried to identify which of
these two procedures is more effective. Kurosaka et al.
observed a significant superiority of LAI in terms of
VAS scores on the first day after surgery, but no dif-
ferences in postoperative complications between LAI
and FNB (4).

Wang et al. reviewed this issue, pointing out that LAI
has rapidly gained popularity because of its simplicity
and effectiveness, and identifying several studies that
demonstrate comparable or even better results with
LAI as opposed to FNB in postoperative management
(16). In particular, although single-shot FNB provided
adequate pain relief in the eatly postoperative period
(at 12 hours), single-shot LAI provided better pain
control than FNB at 24 hours, suggesting that the

GROUP A (n = 25)

GROUP B (n = 25)

Sex (M/F) 4/21 7/18

Side (R/L) 14/11 14/11

Mean age (years) 74 (range 55-84) 72 (range 64-84)
Patients with BMI = 30 19 17

Knee alignment 9 normal, 11 varus, 5 valgus 9 normal, 8 varus, 8 valgus
Patients with medial knee laxity 1 0

BMI=body mass index.
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Table 2. Baseline and follow-up outcomes.

GROUP A (n = 25)

GROUP B (n = 25)

(Mean * SD) (Mean * SD)
Hb (g/dl) 1 weck postop. 109 £ 1.1 114£12
Ht (%) 1 week postop. 314 *6.1 328129
ESR (mm/h) 40 days postop. 404 £19.1 355+213
CRP (mg/dl) 40 days postop. 55+95 431406
VAS
Day of surgery 32+17 1.1£18
1 week postop. 1.2%1.0 07%+13
40 days postop. 21%+23 1+18
ROM (°) 40 days postop. 0°-0°-110° 0°-0°-110°
KOOS
Preop. 40.8 £ 194 42111738
4 months postop 75.6 £19.5 79.7 £19.7

Hb=hemoglobin; H=hematocrit; ESR=erythrocyte sedimentation rate; CRP=C-reactive protein; [Z45=Visual Analog Scale; ROM= range of motion;
KOOS=Knee Injury and Osteoarthritis Outcome Score; SD=standard deviation.

analgesic effect of single-shot LAI was longer lasting
than that of FINB. Furthermore, PNB usually increas-
es the frequency of falls, as a result of decreased
quadriceps strength. Falls are dangerous when starting
early mobilization after TKA, and may lengthen the
hospital stay (17).

Yu et al. described the effects of intraoperative periar-
ticular infiltration of liposomal bupivacaine compared
to the FNB procedure (18). A liposomal cytarabine
delivery agent was added to the anesthetic bupiva-
caine, extending its analgesic effect. The Authors re-
ported a reduced use of narcotics in the LAI group,
comparable pain between the two groups, and a quick-
er functional recovery in the LAI than in the FNB
group.

There is still debate over the molecules that should be
injected in a LAI. Epinephrine has emerged as one of
the most frequently injected substances, mostly
because of its potential to reduce toxic blood concen-
trations in comparison with other agents injected; it
decreases the clearance and distribution processes into
the blood flow of those substances and it also reduces
the risk of bleeding (19). On the other hand, anesthet-
ic drugs like ropivacaine have been shown to have
vasoconstrictive properties (20), while epinephrine
may cause local and systemic adverse effects, such as
tissue necrosis and increased risk of infection (21).
For this reason, the use of epinephrine has recently
been losing consensus in favor of the isolated use of

local anesthetics and non-steroidal anti-inflammatory
drugs (NSAIDs). In a prospective randomized study,
Villatte et al. showed that including epinephrine in the
LAI does not significantly reduce peri- and postopet-
ative bleeding (22).

Several studies have demonstrated that a single bolus
of LAI may be more effective than continuous wound
catheter infusion in controlling pain (23), and Villatte
et al. have underlined that improvements in bleeding
are possible, especially when ketorolac is added to the
LAT solution (22). This NSAID, if added to the LAI
solution, may result in a significant reduction of intra-
venous morphine consumption, and a decrease in pain
intensity at rest and during activity, especially in the
first 48 hours after surgery (24). However, it is well
known that NSAIDs and cyclooxygenase inhibitors
carry a higher risk of acute and chronic renal impair-
ment (25). Older age in patients undergoing TKA, as
well as treatments with diuretics, angiotensin-convert-
ing enzyme inhibitors or angiotensin Il-receptor
blocking agents are further risk factors for renal func-
tion impairment (26). Hence the importance of avoid-
ing an excessive dose of NSAIDs, and choosing an
appropriate mode of administration.

Affas et al. demonstrated that the maximal plasma
concentration of ketorolac after a single LAI follow-
ing total hip arthroplasty was comparable to that
obtained after an intramuscular infiltration of the
same drug at the same dose (27).
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This finding does not exclude the risk of NSAID-
related renal adverse effects, even after a single LAI,
but it helps to dispel questions over how safe the use
of injectable NSAIDs is.

Bleeding control is a fundamental aspect of the peri-
operative clinical management. It has been reported
that surgical procedures such as TIKA may cause blood
loss of more than one liter, resulting in longer hospital
stays, delayed rehabilitation and poor subjective out-
comes for the patient (28). If blood transfusions
become necessary, this increases the costs of the treat-
ment and the risk of periprosthetic infections (29).

As regards postoperative blood loss management,
there are several possibilities, such as controlled
hypotension and hemodilution, that can be considered
in order to reduce transfusion requirements; recently,
pharmacological agents like TXA have met with gen-
eral consensus. TXA reduces blood loss through inhi-
bition of clot degradation and fibrinolysis, which are
usually increased after surgical procedures (30).
Topical applications of TXA have been shown to be
very effective in controlling bleeding, especially when
performed peri- and intraoperatively (31, 32). Finally,
oral administration of TXA has been proved to be
particularly useful before surgery (33, 34).

The peculiarity of the present study is that the admin-
istration of opioids has been totally omitted in favor
of a combined analgesic procedure.

A further aspect to examine in relation to our multi-
modal management of postoperative pain is the role
of manual lymphatic drainage. A limited ROM may
frequently occur, secondary to edema, a clinical situa-
tion that sometimes evolves into arthrofibrosis (35).
Trauma can result in reduction of tissue fluid move-
ments and TKA can lead to muscle tightness; acute
edema thus ensues, and the lymphatic system no
longer drains propetly. It has been demonstrated that
catly postoperative manual lymphatic drainage quickly
restores interstitial fluid circulation, thus improving
functional recovery and allowing rapid recovery of full
active knee flexion; this concept is fundamental con-
sidering that poor knee flexion is likely to mean a
longer rehabilitation period and a slower return to
functional ROM (30).

The main limitations of the present study concern the
relatively small number of patients and the fact the
trial was performed at a single center. However, this

single-blind trial reports data from patient-reported
outcomes.

Although much remains to be done, we believe that
this study may provide some fundamental insights
concerning the use of multimodal analgesia for
improving perioperative clinical practice.

In conclusion, the significant reduction of postopera-
tive pain associated with the use of LAI allows rapid
mobilization and accelerates functional recovery. Our
multimodal protocol, consisting of spinal epidural
anesthesia, a perioperative LAl and a perioperative
infiltration of TXA, is an inexpensive and simple
approach capable of giving excellent results; above all,
it allowed us to completely abandon the use of opioid
drugs. Nevertheless, high-quality multicenter random-
ized controlled trials are still needed, as well as studies
with long-term follow-up.
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