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Abstract

Aim There are many alternatives for post-operative pain relief
in patients who have had general anaesthesia. The aim of this
study was to evaluate the efficacy of intra-articular
bupivacaine + morphine and bupivacaine + tenoxicam appli-
cations in post-operative pain control in patients undergoing
knee arthroscopy with general anaesthesia.

Method This was a prospective study. Standard anaesthesia
procedures were applied to each patient, and the 240 patients
chosen at random were then divided into two groups. Each
group received a different combination of drugs for this
double-blind study. The first group (group A: 120 patients)
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received 0.5 % bupivacaine 100 mg+tenoxicam 20 mg
(22 ml); the second group (group B) received 0.5 %
bupivacaine 100 mg+morphine 2 mg (22 ml); both groups
received their drugs at the end of the intra-articular operation
before tourniquet deflation. Before the operation, patients were
asked about their post-operative pain at particular periods over
the following 24 hours using the visual analogue scale (VAS)
and the numeric rating scale (NRS). An additional analgaesic
requirement and possible side effects were also recorded.
Results Group A patients needed analgaesics sooner after op-
eration than patients in group B. In Group B, VAS and NRS
values were statistically higher compared with group A at the
12th hour. There were also fewer side effects seen in group A
versus group B.
Conclusion Effective and reliable results were obtained in
post-operative pain control in bupivacaine added to the mor-
phine or tenoxicam groups following arthroscopic
meniscectomy. In the tenoxicam group, patients reported less
pain, fewer side effects and less need for analgesics at 12
hours after the operation.

Level of evidence: level 1, therapeutic, randomised,
multicentric study

Keywords Analgesia - Bupivacaine - Intra-articular -
Meniscectomy - Morphine - Tenoxicam

Introduction

Arthroscopic knee operations are very common. Patients are
generally discharged either on the day of operation or on the
following day, depending upon the procedure. Post-operative
pain after arthroscopic surgery is an important drawback for
early rehabilitation and early discharge from the hospital.
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Analgesics and anti-inflammatory drugs may not be enough to
relieve post-operative pain, and intramuscular (IM) and intra-
venous (IV) injection of morphine and other opiates use may
be required. Dizziness, nausea and vomiting as a result of
systemic opiate use can prevent early discharge from the hos-
pital and can cause late patient mobilisation.

Femoral blocks and intra-articular analgaesic applications
are common techniques used in post-operative pain control
after arthroscopic surgery. Compared with femoral-block ap-
plications, which have some complications [1], intra-articular
injection or infusion of local anaesthetic drugs is more effi-
cient, more generally accepted and have been used in post-
operative pain control for a considerable time [2]. The appli-
cation of intra-articular bupivacaine provides enough
analgaesia, but this effect is valid for only a short period of
time. In order to prolong its analgaesic effect, drugs such as
non-steroidal anti-inflammatory drugs (NSAIDs), morphine
and ketamine are combined with bupivacaine. However, it is
not clear of these drugs produces the optimal combination for
pain relief [3, 4]. There is no prospective, randomised, double-
blind study comparing combinations of bupivacaine-mor-
phine and bupivacaine—tenoxicam.

In our study, post-operative analgaesic effects of intra-
articular bupivacaine—morphine with bupivacaine-tenoxicam
combinations, additional post-operative analgaesic require-
ments and side effects were evaluated in patients undergoing
arthroscopic partial meniscectomy.

Patients and method

All procedures performed in this study involving human par-
ticipants were in accordance with the ethical standards of the
institutional and national research committees and with the
1964 Declaration of Helsinki and its later amendments or
comparable ethical standards. Informed consent was obtained
from all individuals in the study. This article does not contain
any studies with animals performed by any of the authors. Our
study was approved by the ethical committee of Istanbul
Medeniyet University Goztepe Training and Research Hospi-
tal (no. 57/A8), and patients undergoing arthroscopic
meniscectomy at the orthopedics and traumatology depart-
ments of two different universities were included in the study.
Patients who were admitted to the orthopedics outpatient de-
partment with complaints of knee pain, who were thought to
have meniscal tears as evidenced in physical examinations,
whose magnetic resonance imaging (MRI) findings demon-
strated a meniscus tear and who then agreed to participate in
the study were chosen as the target group. The study included
patients with isolated meniscal tears as a preliminary diagno-
sis. Exclusions were patients with tears and an additional an-
terior cruciate ligament tear, cartilage damage, radiographic
knee osteoarthritis and/or a history of rheumatic disease which
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would require additional intervention; and patients with
bupivacaine, morphine or tenoxicam allergies.

Two hundred and forty-four patients were given a diagno-
sis of symptomatic meniscal tears and were divided into two
randomised groups. Four patients were excluded: one with
anterior cruciate ligament tear, one with osteochondral lesion,
one with tenoxicam allergy and one with sickle cell anemia.
The study was completed by 240 patients. Randomisation was
performed according to whether the last digit of the outpatient
barcodes was odd or even: odd were designated as group A
and even as group B. Patient age, gender and weight were
recorded and body mass index (BMI) calculated.

After operation, it was explained to the patients how they
might evaluate post-operative pain using the visual analogue
scale (VAS) and the numerical rating scale (NRS). For VAS
scoring, patients marked the option (0—10) on the 10-cm-long
horizontal or vertical straight line that started with absence of
pain and ended with unbearable pain according to the severity
of their pain. The point relative to the starting point was re-
corded by measuring the distance between two points as
centimetres. Similarly, for the NRS, absence of pain started
with 0 and scoring increased to 10 (unbearable pain). Pain
intensity was evaluated with NRS numerically [5]. VAS and
NRS evaluation was done in both groups at hours one, two,
four, six, 12 and 24 post-operatively. Assessment was per-
formed by inpatient nurses who were uninformed about the
intra-articular injection in the operating room. Double-blind
evaluation was provided in this way.

Thiopental 5 mg/kg and vecuronium 0.1 mg/kg were given
to all patients for the induction upon fentanyl 1 pg/kg for
premedication. Patients were intubated orotracheally after suf-
ficient time for muscle relaxation. For maintaining anaesthe-
sia, O,N,O 50-50 % and sevoflurane 1 % were given Intra-
venous administration of analgaesics were not given during
the operation or at the end of surgery.

Upon completing the operation, the arthroscopic cannula
system was removed from the knee before tourniquet defla-
tion, then 0.5 % bupivacaine (100 mg) and 20 mg tenoxicam
(22 ml) was given intra-articularly to group A (120 patients)
and 0.5 % bupivacaine (100 mg) and 2 mg morphine (22 ml)
was given intra-articularly to group B (120 patients). At the
same time, anaesthesia was ended, an elastic bandage was
wrapped and the tourniquet was opened for 10 min after
intra-articular administration of analgesia. After being
extubated, patients were transferred to a post-operative recov-
ery room and then to inpatient service. They were discharged
from the hospital the following day. Upon operation, side
effects such as hypotension, bradycardia, respiratory depres-
sion, nausea and vomiting were recorded. The first post-
operative analgaesic requirement time was recorded as time
from post extubation to application of the first analgaesic.

First, diclofenac (75 mg) was given IM to patients with
VAS values >5. In case of unsuccesful pain control, pethidine
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hydrochloride was given IM. Patient exercises accompanied
by a physiotherapist were started the first postoperative day,
before the patient was discharged and they mobilised. No
chondrolysis symptoms were seen in this study. We used the
Microsoft Excel statistical analysis software package, and p<
0.05 level was assessed. Student’s ¢ test was used to determine
differences between groups.

Results

Average patient age, gender distribution, weight and BMI are
summarised in Table 1.

VAS upon extubation were similar. VAS values for group A
at post-operative one, two and four hours were statistically sig-
nificantly higher than for group B (p=0.012; p<0.0001, p=
0.003;,respectively) (Table 2). In group B, VAS values at post-
operative hour 12 were statistically significantly higher than in
group A (p<0.0001; Table 2). There was no significant differ-
ence between groups with respect to average VAS values at post-
operative 6 and 24 h (p=0.66, p=0.47, respectively) (Table 2).

NRS values of both groups upon extubation were similar
but for group B were significantly different at six, 12 and
24 hours post-operatively ( p=0.04, p<0.0001 and p=0.019,
respectively) (Table 3). When groups were compared, there
was no significant association related to average NRS values
at post-operative hours one, two, four and six (p=0.71, p=
0.91, p=0.13, p=0.42;,respectively) (Table 3).

The average time until first post-operative requirement for
analgaesics was 4.5+2.51 hours in group A and 11.23+
3.96 hours in group B, being statistically significantly longer
in group B (p<0.0001) (Table 4). There was a need for addi-
tional analgaesics in 78 cases (65 %) in group B and 30 (25 %)
in group A. The first additional analgaesic intake time after
operation at 24 hours was 0.45+0.83 hours in group A and
0.85+0.88 hours in group B. The total amount of additional
analgaesic used in group B was statistically significantly
higher than in group A (p=0.0004) (Table 4).

While there were no cases of hypotension in group A, there
were six (5 %) in group B. Other side effects, such as brady-
cardia, respiratory depression and chondrolysis, were not seen
in either group. Nausea and vomiting were observed in four

Table 1  Characteristics of patients in groups A and B
Group A Group B
(bupivacaine + (bupivacaine +
tenoxicam) morphine)
Average age (years) 36 (24-52) 40 (26-56)
Gender (M/F) 64 male, 56 female 72 male, 48 female
Weight (kg) 76.4+£19.4 78.6+14.9
Body mass index (kg/m®)  26.5+5.5 27.0+£5.8

Table 2 Comparison of visual analogue scale (VAS) values 1, 2, 4, 6,
12 and 24 h post-operatively

VAS Group A Group B Student’s ¢ test P value
60.min 24+1.53 1.9+1.51 2.55 0.0121
2h 2.8+1.65 1.9+1.38 4.58 0.0000
4h 29+2.11 22+1.43 3.01 0.0032
6h 29+1.88 3+£1.65 —0.44 0.66

12 h 2.5+1.58 4.4+2.38 -7.29 <0.00001
24 h 1.8+1.29 1.9+0.78 —0.73 0.47

patients (3 %) in group A and in 36 (30 %) in group B
(Table 5).

Discussion

In our study, tenoxicam or morphine combined with
bupivacaine showed similar results in terms of post-
operative pain control. However, both protocols had different
influences and side effects. Post-operative pain is an important
reason for dissatisfaction after arthroscopic knee surgery.
When pain relief cannot be achieved by simple analgaesics,
opiates are generally used, which can lead to late mobilisation
and rehabilitation due to side effects such as nausea, vomiting
and dizziness. However, if acute post-operative pain is not
treated, it can become chronic due to the transport of patho-
physiological processes from peripheral to central [6, 7].

Some studies have evaluated different combinations of
analgaesics applied intra-articularly in the process of arthro-
scopic knee surgery [8]. However, which combination is most
effective and reliable remains uncertain [9]. The ideal
analgaesic should have long and local influence with minimal
side effects.

Since bupivacaine is more effective than simple anaes-
thetics, its intra-articular usage is accepted in post-operative
analgesia. According to studies, intra-articular concentrations
of bupivacaine should be <0.5 %, since it can damage articular
cartilage. When Meaning et al. used 150 mg (0.5 %)

Table3  Comparison of numeric rating scale (NRS) values ath 1, 2, 4,
6, 12 and 24 post-operatively

NRS Group A Group B t P

Upon extubation 9+12.11 9.75+18.11 037 0.71
Postop. 60.min 17+1541  16.75+22.01  0.10 091
Postop. 2 h 20.75+16.42 17.5€1728 149 0.13
Postop. 4 h 242542128 22.25+17.3 0.79 042
Postop. 6 h 24+22.05 29.25+17.04 206 0.04
Postop.12 h 18.25+18.01  40.75+24.52 8,10  <0,00001
Postop. 24 h 13+14.08 16.5+8.12 235 0.019
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Table 4  Hours until first post-operative requirement of analgaesics and total amount of analgaesics used

Group A (bupivacaine + tenoxicam) Group B (bupivacaine + morphine) Student’s ¢ test P value
The time (hour) passed till the 4.54+2.51 11.23+3.96 15.72 <0.0001
first requirement of analgaesics
The total amount of analgaesic 0.45+0.83 0.85+0.88 3.62 0.0004

at the 24th hours

bupivacaine and Keading et al. used 100 mg (0.25 %), no
toxic effects were reported [10, 11]. However, Atik recom-
mended the use of analgaesics at lower concentrations, since
their intra-articular use may lead to cartilage damage. Atik
also showed that combinations of analgaesics with corticoste-
roids might cause even more damage [12].

The reason for acute chondrolysis is still unclear. Infections,
iatrogenic chondral injuries, thermal necrosis, intra-articular
pain pumps and high-dose local anaesthetics have been found
responsible [13]. Acute chondrolysis is an undesirable compli-
cation that, at the early post-operative stage, knee-flexion con-
tracture and range-of-motion (ROM) limitation can be seen. In
our study, we used 100 mg (0.5 %) intra-articularly infused
bupivacaine so as not to cause acute chondrolysis.

Many studies indicate post-operative usage of intra-
articularly applied bupivacaine. In some of those studies,
bupivacaine did not provide sufficient analgesia [14], whereas
some studies showed that it was quite effective [3, 15]. Smith
et al. used 150 mg (0.5 %) bupivacaine in arthroscopic knee
surgery and showed that patients in the bupivacaine group
needed fewer post-operative narcotic analgaesics and were
discharged from hospital earlier than the placebo group [3].

Bupivacaine applied intra-articularly provides effective
post-operative analgesia but its effect is short lived. For this
reason, there is a requirement for additional analgaesic. Some
studies show that when narcotic analgaesics were initially pre-
ferred, the effect of intra-articular application of 1-5 mg mor-
phine began late but continued for 48 hours [16, 17]. In our
study, the morphine group required additional analgaesics at
later times compared with the tenoxicam group; additionally,
the morphine group needed a much greater amount of
analgaesics.

Similar to our study, Whitford et al. reported that in the
event of opening the tourniquet 10 min after intra-articular

Table 5  Side effects
Group A (bupivacaine Group B (bupivacaine
+ tenoxicam) + morphine)
Hypotension 0 6 (5 %)
Bradycardia 0 0
Respiratory depression 0 0
Nausea—vomiting 43 %) 36 (30 %)
Chondrolysis 0 0
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application of morphine, better analgesia was provided and
the requirement of additional analgaesic decreased [18]. In
some studies, intra-articular application of bupivacaine + mor-
phine effectively provided long-lasting pain relief effectively,
whereas some other studies showed that this combination was
useless. In our study, at about 12 hours after operation, mor-
phine patients indicated more pain than those in the tenoxicam
group. We consider that this may occur because of the inflam-
matory response, which appears to be due to arthroscopic
intervention. The anti-inflammatory effect of tenoxicam might
have an advantage over morphine. We attempted to assess
patients with similar inflammatory responses by choosing pa-
tients who required a meniscectomy only. NSAIDs used intra-
articularly either alone or with bupivacaine after arthroscopic
operations are reported to decrease post-operative analgaesic
usage [19]. In our study, we used the combination of
bupivacaine and tenoxicam, the latter drug being a long-
acting NSAID that decreases the concentration of allogenic
chemicals activated by damaged tissues upon intra-articular
application. In this manner, it decreases nociceptor sensitivity,
prevents inflammation on the knee-joint surface and provides
analgesia with minimal systemic effect.

There are some limitations to our study. The most impor-
tant is the use of spinal anaesthesia, which is much preferable
at the present time. However, it is not possible in such cases to
assess early post-operative analgaesic effect due to its longer
analgesic effect. We had no control group in which intra-
articular analgaesic application was not used. However, since
the aim of our study was to compare the analgaesic ef-
fects of tenoxicam with morphine in terms of improving
effectiveness when used with bupivacaine, we did not
feel the need to prove the analgaesic effects of the
drugs used. The study has a quite large sample size
compared with other studies in the literature and is,
moreover, prospective, randomised and double-blinded;
however larger series should be assessed.

When we compared groups, we found that the time period
before which patients first required analgaesics post-
operatively was longer but the incidence of side effects was
higher in the bupivacaine + morphine group. Side effects and
additional analgaesic usage were lower in the bupivacaine +
tenoxicam group. We believe that 0.5 % bupivacaine 100 mg
+ tenoxicam 20 mg intra-articularly for arthroscopic
meniscectomy decreases the amount of additional analgaesics
required and causes fewer side effects.
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