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Ketamine and bupivacaine attenuate post-operative pain
following total knee arthroplasty: A randomized clinical trial
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Abstract. Total knee arthroplasty (TKA) is highly associated
with post-operative pain. The present randomized trial aimed
to explore the possible post-operative pain management by
a different combination of analgesics or opioids (ketamine
and bupivacaine) following TKA. A total of 84 patients were
randomly divided into four groups. All subjects were anes-
thetized for TKA surgery and received post-operative pain
management via intra-articular saline (control group; n=23),
ketamine (2 mg/kg) infused with saline (ket group; n=21)
bupivacaine (0.5 mg/kg) infused with saline (bupi group;
n=20) or ketamine (2 mg/kg)+bupivacaine (0.5 mg/kg) infused
with saline (ket+bupi group; n=20) at the end of the surgery.
Additional, post-operative analgesia was infused with the aid of
patient-controlled analgesia with morphine. A reduction in the
levels of pain score (verbal rating scale and visual analog scale),
opioid consumption, time of ambulation, hospital stay and
adverse events were observed in the ket+bupi group compared
with the other groups. Meanwhile, the satisfaction score and
knee flexion degree were improved following treatment with
the ket+bupi regimen. Therefore, the multimodal analgesic
regimen (ket+bupi) may be useful in mitigating post-operative
pain as and improving knee mobilization following TKA.

Introduction
Total knee arthroplasty (TKA) is the standard surgical

procedure performed globally for patients with end-stage
osteoarthritis (OA) or rheumatoid arthritis (RA) (1). Pain
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management or control following TKA is a crucial factor for
the successful outcome of knee surgery as poorly controlled
pain following TKA may lead to increased anxiety, morbidity
or psychological disorders, prolong the overall recovery or
healing process, and increased readmission rate (2,3). Several
steps have been taken to control or manage post-operative
pain management; however, 20-25% of patients who have
undergone TKA still experience severe to moderate pain at 1
year following the procedure (chronic pain), which may be due
to acute severe pain (inadequate post-operative pain manage-
ment) that leads to chronic pain for many years (4,5).

Therefore, controlling or managing post-operative pain
following TKA may considerably improve quality of life
by enhancing motility, reduce hospitalized days with fewer
pulmonary or cardiac complications, and decrease morbidity
and mortality rate (6). Currently, the usage of epidural anal-
gesia, femoral nerve block, and cyclooxygenase-2 inhibitors are
recommended for post-operative pain management following
TKA. However, these drugs result in several adverse events
such as nausea/vomiting, constipation, sedation, pruritus, and
depression (7-9). A number of previous studies have indicated
that a multimodal pain management strategy with femoral
nerve block (combining different analgesic agents-holistic
activity) are successfully used to manage post-operative pain
following TKA owing to its opioid sparing activity (10,11).
Among those analgesics morphine, ketamine, bupivacaine,
acetaminophen, clonidine and tramadol are commonly
prescribed (12-14).

Ketamine is a potent analgesic (used as general or local
anesthesia) which can interact with several types of recep-
tors (as an antagonist), including adrenergic, serotonergic,
muscarinic, opioids, and N-methyl D-aspartate (NMDA) (15).
Hence, it is used for the management of pre-, intra- and
postoperative pain (16). Adam et al (17) previously reported
that small doses of ketamine (0.5 mg/kg) may improve knee
mobilization following TKA; whereas bupivacaine is typically
used for intra-articular (IA) analgesia because of its extended
period of effectiveness (4-7 h) or long-lasting anesthetic proper-
ties (18). Furthermore, ketamine has been reported to be more
efficient when combined with bupivacaine and a femoral nerve
block (19). Bupivacaine is recommended for treating post-oper-
ative pain management following TKA, as it induces fewer
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adverse effects and does not affect any motor function (4,20).
Previously, Inanoglu ef al (21) concluded that ketamine and
bupivacaine (multimodal regimen) could effectively control
the post-operative pain following tonsillectomy. Furthermore,
Batra et al (19) in their pilot study indicated that ketamine
and bupivacaine could provide better pain relief following
arthroscopic knee surgery by evaluating visual analog scale
(VAS) and opioids consumption in arthroscopic knee surgery.
Based on the above evidence (19), the present randomized,
double-blind, controlled study was designed to evaluate the
potential post-operative pain control with different combina-
tion of opioids following TKA with respect to VAS/verbal
rating scale (VRS), satisfactory score, knee flexion, ambulatory
time, opioid consumption rate and adverse effects.

Materials and methods

Participant enrolment. The present randomized, double-blind,
single center, retrospective clinical trial was conducted
at Hanzhong Hospital of Traditional Chinese Medicine
(Hanzhong, China) and approved by the Scientific Ethics
Committee (HH-TCM-03-2016 dated on March 2, 2016)
of Hanzhong Hospital of Traditional Chinese Medicine
(Hanzhong, China) according to the guidelines of the
Declaration of Helsinki. A total of 105 patients [ASA
[-1IT grade (5); aged between 50-60; 42 males and 63] who
were scheduled to undergo Unilateral TKA between July
2016 and August 2017 were initially enrolled in the present
trial. Inclusion criteria were as follows: Adult undergoing
unilateral TKA, diagnosed with degenerative end-stage OA
of the knee (score of >2 on Kellgren-Lawrence scale) (22).
Exclusion criteria were as follows: Bilateral TKA, RA, <18
or >80 years, previous history of knee arthroplasty or chronic
treatment with opioids (opioids tolerance), allergic to amide or
sulpha anesthetics, unable to understand the VAS and VRS,
exhibiting major hepatic, cardiac or renal disorders. Based
on these criteria, 84 eligible patients were enrolled, once
all details about the trail were explained and patients had
provided written informed consent. Furthermore, during the
pre-anesthetic visit, the subjects were taught about the VAS
and VRS in detail.

TKA surgical procedure. All patients were fasted for 12 h and
received 0.01 mg/kg intramuscular atropine (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) as premedication
and their vitals were checked prior to surgery. Prior to
surgery, all patients received fentanyl [2 mg/kg; intrave-
nously (i.v)], Propofol (3 mg/kg; i.v) and ropivacaine HCL
(0.75%; iv catheter)-femoral nerve block (all obtained from
Sigma-Aldrich; Merck KGaA). Anesthesia was maintained
with 60% nitrous oxide in oxygen and sevoflurane. Patients
were also administered intra-operative analgesic (morphine,
0.2 mg/kg; oxycodone, 0.1 mg/kg; fentanyl, 0.2 mg/kg; acet-
aminophen 0.2 mg/kg; Sigma-Aldrich; Merck KGaA) during
TKA surgical procedure. Finally, a single dose of IA saline,
ketamine, bupivacaine or ketamine and bupivacaine (20 ml)
using a spinal needle between the deep and superficial soft
tissue of the knee at the end of the surgery, as indicated below.
TKA surgery was performed by an experienced surgeon with
technical assistance and anesthesiologist.
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Figure 1. A flowchart of the present trial. TKA, total knee arthroscopy; OA,
osteoarthritis; GA, general anesthesia.

All patients were then transferred to the post-operative care
unit. The continuous femoral nerve block (ropivacaine 0.5%,
0.1 ml/kg/h) was maintained for 24 h, followed by infusion of
Ketorolac (30 mg; i.v; Sigma-Aldrich; Merck KGaA) every 6 h
for 24 h. Post-operative analgesia (administered with the aid of
patient-controlled analgesia) comprised of morphine (bolus of
1 mg; 5 min lockout period) for 48 h. Immediately following
the surgical procedure, patients were asked to commence
physiotherapy training, with the help of a physiotherapist until
discharge. Continuous infusion of pain regimen and femoral
nerve block were discontinued at 48 h following admission to
the post-operative care unit, and was replaced with a number
of oral medications (oxycodone, tramadol, ibuprofen and
acetaminophen are supplied by Sigma-Aldrich; Merck KGaA)
until pain subsided. Following 48 h in the post-operative care
unit, patients were transferred to a rehabilitation center for
further physiotherapy training. Demographic data including
age, sex, height, weight, ASA status and duration of surgery
were recorded for each patient. A flow chart of the present
methodology is presented in Fig. 1.

Grouping. A total of 84 eligible patients (28 male and 56 female)
aged 42-74 years were chosen and randomly separated into
four groups using a computer-generated randomization
program (REDcap; version 8; National Institutes of Health,
Bethesda MD, USA) by an independent statistician. Patients
were anesthetized with general anesthesia (as indicated above)
followed by IA injection of 20 ml saline (control group;
n=23), ketamine (2 mg/kg) infused with saline (ket group;
n=21), bupivacaine (0.5 mg/kg) infused with saline (bupi
group; n=20), or ketamine (2 mg/kg)+bupivacaine (0.5 mg/kg)
infused with saline (ket+bupi group; n=20) using spinal needle
between the deep and superficial soft tissue of knee at the end
of the surgery. All study opioids were supplied as coded and
blinded from both the surgeon and anesthesiologist.

Measurement of various parameters. The opioid consumption
of all experimental groups was measured by converting to
morphine equivalent using conversion factors as indicated by
Surdam er al (23). The VRS was determined verbally by the
patient as a self-rated pain score, which corresponded to the
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Table I. Demographic data of patients in each experimental group.

Parameters Saline+GA (n=23) Ketamine+GA (n=21) Bupivacaine+GA (n=20) Ket+bupi+GA (n=20)
Sex (male/female) 7/16 6/15 8/12 7/13

ASA status (I/TI/IIT) 5/13/5 6/9/6 8/7/5 6/9/5

Height, cm 161.42+21.04 162.44+20.10 160.34+17.34 162.33£23.73
Weight, kg 71.44+13.30 75.43+12.02 73.64+£12.93 76.23+£10.45
Age, years 54.12+7.11 55.78+9.34 57.11+10.11 56.77+£9.77
Duration of surgery, min 124.57+11.34 119.43+£30.95 121.32+28.37 119.32+28.37

Data are presented as the mean =+ standard deviation unless otherwise stated. GA, general anesthesia; Ket+bupi, ketamine and bupivacaine.

degree of pain at rest (19). The VRS ranged from 0-5, where
0 represented no pain, 1 represented mild pain, 2 represented
moderate pain, 3 represented severe pain, 4 represented very
severe pain and 5 represented excruciating, or unbearable
pain. VAS consisted of a horizontal line 100 mm in length,
with numerical endpoints of 0 (no pain) and 100 (intolerable
or worst pain). Patients were asked to mark the line at the level
according to their pain intensity at rest (24). Patients satisfac-
tory score were evaluated using a Likert scale which ranges
from 0-3, where O represented dissatisfied, 1 represented least
satisfied, 2 represented partially satisfied and 3 represented
fully satisfied (25). Knee flexion or extension (degree) were
measured using a flexible electro-goniometry on the 2nd day
(48 h following admission to the post-operative care unit)
using the method described by Matassi et al (26).

The time of ambulation (h) and the length of hospitaliza-
tion (days; including post-operative and rehabilitative periods)
for each patient were also noted. Adverse events including
sweating, sedation, dizziness, urinary retention, constipation
and post-operative nausea and vomiting were recorded. All
parameters were measured or recorded at 48 h as the present
study focused on acute post-operative pain management
(excluding ambulation and length of hospitalization). In case
of total opioid consumption, VRS, VAS, and satisfactory score
were determined at 0, 2, 4, 8, 12, 24 and 48 h by a registered
nurse anesthetist and anesthesiologist. All patients, and the
surgeon, nurse and statistician were blinded to the interven-
tions used.

Statistical analysis. Data are presented as the
mean + standard deviation. VRS and VAS rating and demo-
graphic data were analyzed and compared using y* test. Level
of opioid consumption, satisfactory score, adverse events,
ambulation, hospital stay duration and flexion angle data were
compared between the experimental groups using one-way
analysis of variance followed by post hoc multi-comparison
Dunnett's test. SPSS (version 21; IBM Corp., Armonk, NY,
USA) was used for statistical analysis. P<0.05 was considered
to indicate a statistically significant difference.

Results
Demographic data. A total of 82 patients completed the

study, the remaining 2 patients (1 each from the ket and bupi
groups) were excluded due to femoral nerve block failure.
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Figure 2. The total opioid consumption rate (morphine equivalence) of patients
in each experimental group. Data are presented as the mean + standard devia-
tion. "P<0.05, "P<0.01 vs. saline+GA group. GA, general anesthesia; Ket+Bupi,
ketamine and bupivacaine.

Demographic data (age, sex, height, weight, ASA status and
duration of surgery) of patients in the experimental groups are
presented in Table I. At baseline, the values of all demographic
data did not show any significant difference among groups.

Total opioids consumption. Fig. 2 presents the total opioid
consumption rate (morphine equivalence) of patients in each
experimental group. Total opioid consumption during the
48 h stay in post-operative care was significantly decreased
(P<0.01) in the ket+bupi combination group (25.42 mg) as
compared with the control (32.5 mg) group. Compared with
the control group (32.5 mg) ket (28.44 mg) and bupivacaine
(27.8 mg) significantly lowered (P<0.05) the opioid consump-
tion.

Pain score. The pain intensity of each patient was measured
in the form of VAS and VRS scaling. Fig. 3 depicts the VAS
(Fig. 3A) and VRS (Fig. 3B) of patients in each experimental
group. As compared with the control group the VAS and VRS
pain score was significantly reduced (P<0.01) in the ket+bupi
group at 24 and 48 h. Similarly, VAS and VRS pain scores (at
24 and 48 h) were significantly reduced (P<0.05) in the ket and
bupi groups compared with the control group.

Satisfactory score. The satisfactory score of patients is
presented in Fig. 4. The ket and bupi groups (at 8, 12, 24 and
48 h) exhibited significantly increased satisfactory scores
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Table II. The duration (ambulation and hospital stay) and flexion angle of patients in each experimental group.

Parameters Saline+GA (n=23) Ketamine+GA (n=21) Bupivacaine+GA (n=20) Ket+bupi+GA (n=20)
Time of ambulation, h 18.24+11.45 15.64+9.12 13.84+10.03* 11.10+£8.92°
Knee flexion, ° 64.12+09.11 67.78+9.34 68.11+10.11 69.77+9.77*
Length of hospital stay, days 5.50+10.00 5.00+11.00 4.75+9.00* 4.20+8.00°

Data are presented as the mean = standard deviation. “P<0.05, "P<0.01 vs. saline+GA. GA, general anesthesia; ket+bupi, ketamine and

bupivacaine.

Table III. The incidence of various adverse outcomes data of patients in each experimental group.

Variables Saline+GA (n=23) Ketamine+GA (n=17) Bupivacaine+GA (n=16) Ket+bupi+GA (n=16)
Sedation 6 (26.00) 3 (17.00) 3 (18.70) 1 (6.25)
Sweating 1(4.30) 1(5.88) 0 0
Constipation 3 (13.00)* 0 1(6.25) 0
Dizziness 4 (17.30) 3 (17.00)° 2 (12.50) 1 (6.25)
Urinary retention 4 (17.30)° 3 (17.00)° 2 (12.50) 1(6.25)
PONV 7 (30.40)° 4 (23.50)° 4 (25.00)¢ 2 (12.50)

Data are presented as numbers of patients (%). “P<0.05, °P<0.01 vs. saline+GA; ‘P<0.05 vs. ketamine+GA; “P<0.05 vs. bupivacaine+GA.
GA, general anesthesia; ket+bupi, ketamine and bupivacaine; PONYV, post-operative nausea and vomiting.
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Figure 3. The (A) VAS and (B) VRS of patients in each experimental
group. Values were expressed as means + SD. Data are presented as the
mean = standard deviation. “P<0.05, “P<0.01 vs. saline+GA group. VAS, visual
analog scale; VRS, verbal rating scale; GA, general anesthesia; Ket+Bupi,
ketamine and bupivacaine.

(P<0.05) as compared with the control group. However, infu-
sion of ket+bupi at 8, 12, 24 and 48 h exhibited a more marked
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Figure 4. The satisfaction score of patients in each experimental group. Data are
presented as the mean =+ standard deviation. "P<0.05, “P<0.01 vs. saline+GA
group. GA, general anesthesia; Ket+Bupi, ketamine and bupivacaine.

significant increase (P<0.01) vs. control, than the ket or bupi
groups.

Ambulation time, knee flexion and hospital stay. Table 11
presents the ambulation time, knee flexion and hospital stay of
patients in the experimental groups. The ambulation time for
ket+bupi injected patients (11.10 h), was significantly lower than
the control group (18.24 h; P<0.01). Likewise, ket (15.64 h) or
bupi (13.84 h) patients exhibited markedly shorter ambulation
time than the control group (bupi, P<0.05). However, ket+bupi
exhibited the shortest time of ambulation than any other
group. In addition, the mean knee flexion degree was signifi-
cantly greater in ket+bupi group as compared with the control
group (P<0.05). Furthermore, the length of hospitalization
for ket+bupi group patients was significantly shorter than the
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control group (P<0.01) and markedly shorter than the ket and
bupi groups, suggesting that ket+bupi patients demonstrated
faster recovery in terms of physical activity than other groups.

Adverse events. The incidence of the adverse events in patients
are presented in Table III. A number of patients in the control
group experienced higher incidence of various adverse effects,
including sedation (26.0%; P<0.05), dizziness (17.3%; P<0.05),
urinary retention (17.3%; P<0.01), post-operative nausea and
vomiting (30.4%; P<0.01) and constipation (13.0%; P<0.05)
than other groups. However, the percentage of adverse effects
were found to be lesser in ket+bupi group than the other group
(only 5 patients experienced the adverse effects). Adverse
events in the ket and bupi groups were also reduced as
compared with the control group.

Discussion

TKA is one of the most effective medical interventions
for end-stage chronic knee pain. However, pain control and
management following TKA is a crucial factor, which allows
faster recovery/ambulation and physiotherapy progress, and
enhances patient satisfaction (27). The American Society of
Anesthesiologists Task Force on Pain Management currently
recommended a multimodal pain regimen (28); thus, the
present randomized trial was designed to investigate the
possible post-operative pain control effect of a multimodal
regimen following TKA. For the present study, normal bupi-
vacaine was used as compared to liposomal bupivacaine, as
Surdam er al (23) recently concluded that iposomal bupi-
vacaine is no more effective at reducing pain than normal
bupivacaine treatment. In addition, normal bupivacaine is
less expensive and is effective as a local anesthetic agent.
Similarly, unilateral TKA was preferred for the present trial
as it has previously been demonstrated that optimal recovery
profiles occur with unilateral positioning, rather than bilateral
TKA (5,27). The findings of the present study suggested that
IA injection of ket+bupi could ameliorate abolish levels of
opioids consumption, pain score (VRS/VAS), time of ambu-
lation, hospital stay and adverse events following infusion of
ket+bupi combination, compared with control, or ketamine
or bupivacaine alone. In addition, the satisfaction score and
knee flexion degree were significantly improved in ket+bupi
injected patients, indicating a more expedient post-operative
knee rehabilitation process. For the current trial, a single dose
of ketamine, bupivacaine or ket+bupi was administered via [A
[as TA administration is simple and safe, with fewer systemic
side effects and a better mobility rate (23)] based on the posi-
tive findings of Ritter e a/ (29) and Lombardi ef al (30), which
concluded that TA injection of different analgesic combina-
tion can effectively lower pain and improve knee movement
following TKA by directly acting on the opioid receptors in
the synovial membrane. No significant changes were observed
in any of the demographic data among all groups.

Patients administered with ket+bupi exhibited a significant
decrease in the levels of total opioid consumption than other
experimental patients. Previously, ketamine was reported to
exhibit a superior morphine-sparing effect due to its central
sensitization property (17). Furthermore, Batra et al (19)
previously indicated that ket+bupi would consume fewer
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opioids due to its enhanced morphine sparing effect. In the
present study, patients treated with ket+bupi suffered less
pain at 12, 24 and 48 h (following surgery) as compared with
other groups (control, ket or bupi). At 48 h the pain score
was considerably lowered than 12 or 24 h in all experimental
groups. Ketamine decreases post-operative pain up to 48 h,
which may be due to its morphine sparing effect as it blocks
NMDA receptor and thus reduces the pain intensity (31,32).
In addition, Sun er al (18) recently indicated that IA admin-
istration of bupivacaine may concomitantly lower the pain
intensity in arthroscopic knee surgery. However, in the current
study, the combination of ket+bupi yielded a greater analgesic
effect than ketamine or bupivacaine alone, which may be due
to the adjuvant effect of ketamine (blocking NMDA recep-
tors), which may enhance opiate tolerance and thereby further
abolish the pain intensity (19,33).

Ket+bupi at 8, 12, 24 and 48 h exhibited a greater satis-
faction score than the control, ket or bupi groups. As detailed
above, ket+bupi exhibited the highest opioid sparing effect,
which contributes to lesser pain intensity and thus results in
the highest satisfactory score. These results are in accordance
with the results of Inanoglu et al (21).

The ambulation time and length of the hospital stay for
ket+bupi patients are significantly shorter than the control,
ket or bupi groups; thus further endorsing the efficient reha-
bilitation property of ket+bupi combination. The mean knee
flexion degree was significantly greater in the ket+bupi group
as compared with other experimental groups. The improved
pain controlling property of ket+bupi combination is a result
of both ketamine and bupivacaine being beneficial following
orthopedic surgery (34,35).

Previous studies have demonstrated that the use of opioids
may lead to numerous adverse effects including nausea,
vomiting, dizziness, urinary retention, sedation and thus an
impact on early recovery (10,17). Similarly, in the present
study, the majority of control patients exhibited various adverse
effects. However, the incidence of adverse effects was found to
be reduced in the ket+bupi group, compared with other groups,
which may be due to a lesser total opioid consumption rate.
Overall, ket+bupi-treated patients exhibited less pain, adverse
effects and opioid consumption, with improved post-operative
pain management due to its synergic analgesic activity. The
outcome of the present study is supported by the findings of
Wu et al (36), as they also demonstrated that low doses of
ketamine, morphine, and bupivacaine efficiently suppress all
nociceptor transduction pathway, and thus prevent central
sensitization and improve post-operative pain. The present trial
had a number of limitations, as it focused only on immediate
follow-up patients in a post-operative/anesthesia care unit. As
the present study was a pilot study, acute post-operative pain
management was focused on; pre- and post-operative pain
comparison has not been performed. The present study also
mostly examined acute post-operative pain management, and
not chronic pain management as no follow-up was performed.
In addition, only a single dose of ketamine, bupivacaine or
ket+bupi was administered in the present trial.

In conclusion, the present study demonstrated that the
ket+bupi group exhibited better post-operative pain control
following TKA through improving pain control and patient
satisfaction, and decreasing opioid consumption and adverse
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effects, thereby facilitating early knee mobilization as
compared with other groups, due to synergic analgesic activity.
Therefore, the multimodal analgesic regimen (ket+bupi) may
be useful in mitigating post-operative pain and improving
knee mobilization following TKA. Further studies with a
different dosage, perhaps in a larger clinical trial, are required
to justify the mechanism behind the synergic analgesic effect
of those drugs.
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