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Background: Immediate postoperative pain relief following arthroscopic partial meniscectomy remains a critical contributor to
improved patient experience, early recovery of range of motion, and enhanced rehabilitation.

Purpose: To evaluate the effect of intra-articular versus extra-articular bupivacaine on pain intensity and analgesic intake after
arthroscopic partial meniscectomy.

Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: This was a prospective double-blind, randomized clinical trial. All patients included underwent arthroscopic partial
meniscectomy under general anesthesia. Patients were randomized into 2 groups, with 20 patients in each group. At the conclusion of
the arthroscopic procedure, the intra-articular group received 10 mL 0.5% bupivacaine introduced intra-articularly and 10 mL isotonic
saline 0.9% infiltrated subcutaneously around the portals. The extra-articular group received the isotonic saline intra-articularly and
the bupivacaine around the portals. The primary outcome was the visual analog scale (VAS) for pain. Assessments were performed
010 0.5, 110 2, 2 to 4, and at 24 and 48 hours postoperatively. In addition, analgesic and narcotic consumption was monitored.

Results: There were no differences between the groups in terms of patient demographics. VAS scores for the intra-articular group
were 6, 8, 3.25, 4.3, and 4.5 at 0 to 0.5, 1 to 2, 2 to 4, 24, and 48 hours postoperatively, respectively. VAS scores for the extra-
articular group were 3.8, 5, 2.9, 5.2, and 5.25, respectively. No statistically significant differences were observed between the
2 groups regarding pain intensity at all time points. There was also no statistically significant difference in analgesic consumption.
Dipyrone was the preferred drug by patients from the intra-articular group, while the extra-articular group preferred to use opioids
and nonsteroidal anti-inflammatory drugs.

Conclusion: There were no differences in pain severity and analgesic intake between intra- or extra-articular bupivacaine
administration after arthroscopic partial meniscectomy.
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Approximately two-thirds of patients undergoing knee
arthroscopy have pain after the procedure.®* While pain
mechanisms are complex and multifactorial, evidence sug-
gests postoperative pain stems from peripheral sensitiza-
tion of afferent nociceptive neurons, as well as central
sensitization of spinal neurons upon the surgical trauma.®
Postoperative pain can also cause various indirect compli-
cations and can lead to increased hospitalization duration,
resulting in increased cost of treatment.!?°

Optimal pain control and relief is necessary to achieve
recovery of the knee range of motion, function, and
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effective postoperative rehabilitation.®® Postoperative
pain relief methods include regional nerve blocks, contin-
uous epidural analgesia, and patient controlled oral anal-
gesia.? 192431 Preemptive direct application of local
anesthetics can also provide analgesia through several
mechanisms, such as blocking transmission of pain from
nociceptive afferents from the wound surface, inhibition
oflocal inflammatory responses to the injury, reduction in
the formation of free oxygen radicals, and reduction of
local edema.®1®

The administration of various local anesthetic drugs into
the joint space, either by a single injection or by a continuous
infusion, to ameliorate postoperative pain following knee
arthroscopy had been investigated, with some studies show-
ing a beneficial effect while other studies did not.26:3%34
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Bupivacaine is commonly used for intra-articular analge-
sia because of its extended duration of action. The peak
plasma concentrations of the drug upon intra-articular injec-
tion were found to be low, rendering systemic toxicity
extremely unlikely.?®* However, there is evidence demon-
strating that bupivacaine could induce a process of cartilage
breakdown—chondrolysis.3® Moreover, several studies have
demonstrated a link between chondrocyte damage and the
development of osteoarthritis.!” Nevertheless, it should be
taken into consideration that it may take several years
between the insult to the cartilage and the onset of the oste-
oarthritis.!” In addition, there is some risk in the intra-
articular injection itself since it involves not only the soft
tissues of the knee but also the posterior capsule of the knee.

An additional method to relief postoperative pain follow-
ing knee arthroscopy is the extra-articular/periarticular
administration of anesthetics. The conventional periarticu-
lar method usually contains antalgic agents, nonsteroidal
anti-inflammatory drugs (NSAIDS), steroid hormones, and
local anesthetics of amide derivative bupivacaine.?’
Although this technique has been extensively studied in
patients who underwent knee arthroplasty, there is a lack
of data regarding its affects in knee arthroscopy. Previous
researchers have demonstrated that the use of different
anesthetic agents’ mixtures (such as ketorolac, ropivacaine,
bupivacaine, morphine sulfate, epimorphine, methylpred-
nisolone, cefuroxime, and epinephrine) by extra-articular
infiltration induces a beneficial effect on postoperative pain
relief as well as on functional recovery after surgery.?®

The potential damage to the articular cartilage by using
intra-articular analgesia in knee arthroscopy raises con-
cern. This, in addition to the absence of information about
the use of extra-articular analgesia after knee arthroscopy,
emphasizes the need to investigate the effect of an extra-
articular drug injection compared with an intra-articular
injection on pain relief after knee arthroscopy. The purpose
of this study was to evaluate the effect of intra-articular
bupivacaine in comparison with extra-articular bupiva-
caine administration on pain intensity and analgesic intake
after arthroscopic partial meniscectomy. We hypothesized
that there would be no differences in terms of postoperative
pain and analgesia intake between the groups.

METHODS
Study Design

The study was a prospective double-blind, randomized, con-
trolled clinical trial. The study protocol was approved by
the institutional review board. Inclusion criteria were the
following: patients undergoing knee arthroscopy of the
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knee with partial meniscectomy due to a meniscal tear
under general anesthesia, American Society of Anesthesiol-
ogists physical status of I to I, and age >18 years. Patients
with a history of adverse reactions or allergy to the medi-
cation used in the study, radiological evidence of osteoar-
thritis, chondral and ligamentous injuries, concomitant
procedures with weightbearing limitations, and patients
who did not want to participate or sign an informed consent
form were excluded from the study. Patients who under-
went meniscal repair were also excluded. Written informed
consent was obtained on the day of surgery, after the
patients had read the information and had a thorough dis-
cussion with their surgeon regarding study participation
and potential risks and benefits. Between 2014 and 2019,
a total of 40 patients were enrolled.

Patients were randomized into 2 groups without strati-
fication (n = 20 patients in each group). At the conclusion of
the knee arthroscopy, patients in group 1 received 10 mL
0.5% bupivacaine introduced intra-articularly and 10 mL
isotonic saline 0.9% infiltrated subcutaneously around the
portals (intra-articular group). Patients in group 2 received
10 mL intra-articular isotonic saline 0.9% and 10 mL 0.5%
bupivacaine infiltrated subcutaneously around the portals
(extra-articular group). Randomization was performed by a
blinded research assistant who randomly picked a closed
opaque envelope containing a treatment regimen on the
day of each surgery. The allocated sealed envelope was
opened at the operating room by a nonblinded circulating
operating room nurse.

Knee arthroscopy was performed under a standard gen-
eral anesthetic protocol during the procedure. Intravenous
200 pg fentanyl and 1 g paracetamol was administered by
the anesthesiologist. No additional long-acting analgesic
agents or regional nerve blocks were administered. A non-
sterile pneumatic thigh tourniquet was used at a pressure
of 300 mmHg. Knee arthroscopy was performed in a stan-
dard fashion using anterolateral and anteromedial parapa-
tellar portals by a group of fellowship-trained sports
medicine orthopaedic surgeons. On completion of anesthe-
sia, patients were transferred to the postanesthesia care
unit.

The standard “pain-contingent” postoperative pain con-
trol protocol was as follows:

e visual analog scale (VAS) 1 to 3: oral dipyrone 1 g
(Optalgin; Teva Pharmaceutical Industries), oral ibu-
profen 400 mg, or oral codeine phosphate 15 mg/para-
cetamol 500 mg/caffeine 50 mg (Rokacet Plus; Taro
Pharmaceutical Industries)

e VAS 4 to 6: oral oxycodone 10 mg, intramuscular diclo-
fenac 75 mg, or 2 caplets of oral codeine phosphate
15 mg/paracetamol 500 mg/caffeine 50 mg (Rokacet Plus)
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TABLE 1
Comparison of Demographic and Clinical Characteristics Between Study Groups®

All Patients

Intra-articular Extra-articular

(N = 40) (n = 20) (n = 20) P
Age at surgery, y, mean = SD (range) 45 + 14.4 (19-74) 45.05 + 14.7 (19-66) 44.95 + 14.5 (21-74) .983
Sex .339
Male 25 (62.5) 11 (55) 14 (70)
Female 15 (37.5) 9 (45) 6 (30)
Body mass index 26.5+5.2 26.8 +4.7 26.3+£5.9 .855
Laterality .349
Right 23 (57.5) 13 (65) 10 (50)
Left 17 (42.5) 7 (35) 10 (50)
Procedure
Medial meniscectomy 22 (55) 11 (55) 11 (55) >.999
Lateral meniscectomy 10 (25) 4 (20) 6 (30) 474
Medial and lateral meniscectomy 8 (20) 5(25) 3 (15) .439

“Data are reported as mean + SD or n (%) unless otherwise indicated.

e VAS 7 to 10: oral oxycodone/paracetamol 2 tablets (Per-
cocet; Endo Pharmaceuticals) 5 mg or intramuscular/
intravenous tramadol 100 mg plus metoclopramide
10 mg.

After a VAS assessment, the patient was offered analgesic
medications from the protocol. The patients would then
decide whether to take the analgesic according to their need
for pain alleviation.

The primary outcome measure was the VAS for pain,
using a 10-cm linear scale where 0 represented no pain and
10 the most severe pain. This scale is used commonly in
clinical orthopaedic practice and is a reliable and valid out-
come measure for pain. The VAS monitoring was conducted
by a blinded member of the recovery staff in the posta-
nesthesia care unit.

Assessments were performed at 0 to 0.5, 1to 2, 2 to 4, and
at 24 and 48 hours postoperatively. Patients were dis-
charged on the same day once they were oriented to time
and place, had stable vital signs, had minimal or no pain,
with no experience of nausea, vomiting, or other side
effects, and were ambulating with or without the assistance
of crutches. In addition, pain levels were followed via a
telephone call at 24 and 48 hours postoperatively. Use of
additional analgesia and narcotic intake was also recorded.
Assessments were performed by nurses in the postanesthe-
sia care unit and by research assistants once the patients
left the recovery area and were discharged. All assessors
were blinded to the patients’ allocation to treatment

groups.

Statistical Analysis

Sample size power analysis calculation for this study was
based on VAS for pain. A clinically relevant difference
between the treatment groups was defined as 1 point. With
an assumed SD of 2 points and a P value of .05, 20 patients
in each group were required to obtain a power of
80%.791022.23 Analysis was performed with PASW SPSS
24.0 software (IBM Corp). Normality of the data was

checked using the Kolmogorov-Smirnov tests. For paramet-
ric statistics, ¢ test or analysis of variance test was used.
Nonparametric Mann-Whitney or Kruskal-Wallis test was
used only if parametric assumptions could not be satisfied.
In the case of a nominal variable, the chi-square and the
Fisher exact test were used. Data were summarized using
frequency tables, summary statistics, confidence intervals,
and P values. Statistical significance was determined at a P
value of <.05.

RESULTS
Patient Characteristics

All 40 patients completed the study; there were no dropouts
or patients lost to follow-up. There were no significant dif-
ferences between the intra-articular and extra-articular
bupivacaine groups regarding patient demographics
(Table 1).

There were no significant differences between the 2
groups in terms of pain intensity as assessed by VAS at all
time points (Table 2 and Figure 1). The pain level increased
in both groups during the first 2 hours after surgery. At 0 to
30 minutes after the operation the VAS score was 6,
increasing to 8 at 1 to 2 hours postsurgery in the group that
had an intra-articular treatment, whereas in the extra-
articular group the VAS score was 3.8 at 0 to 30 minutes
after the operation, increasing to 5 at 1 to 2 hours postop-
eratively. At 2 to 4 hours after surgery the pain level
decreased in both groups. The pain intensity recorded 24
hours and 48 hours after the operation rose compared with
that reported 2 to 4 hours postoperatively and remained
stable.

Pain relief medications were consumed by 25%, 7.5%,
22.5%, 42.5%, and 22.5% of all patients at 0 to 0.5, 1 to 2,
2 to 4, and at 24 and 48 hours postoperatively, respectively.
However, no significant differences between the 2 groups
regarding pain relief medication consumption were
observed. Data are presented in Table 3 and Figure 2.
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TABLE 2
Comparison of VAS Pain Scores Between Groups by Postoperative Time Point®

VAS Pain Score

Postoperative Time Point Mean + SD Range 95% CI P
0-30 minutes .3443

Intra-articular 6.000 + 2.828 0.0-10.0 3.64 to 8.36

Extra-articular 3.750 = 3.500 0.0-8.0 -1.82 to 9.32
1-2 hours >.9999

Intra-articular 8.000 + 1.414 7.0-9.0 -4.71 to 20.71

Extra-articular 5.000 £ 7.071 0.0-10.0 -58.53 to 68.53
2-4 hours .6004

Intra-articular 3.250 + 3.279 0.0-10.0 1.17 to 5.33

Extra-articular 2.938 + 3.415 0.0-10.0 1.12 to 4.76
24 hours .3339

Intra-articular 4,333 + 2.267 0.0-7.5 2.81 to 5.86

Extra-articular 5.211 +£ 1.537 2.0-7.0 4.36 to 6.06
48 hours 4509

Intra-articular 4,500 + 1.871 2.0-7.0 2.18 to 6.82

Extra-articular 5.250 + 1.389 3.0-7.0 4.09 to 6.41

“VAS, visual analog scale (0 = no pain, 10 = most severe pain).

? TABLE 3
; Pain Relief Medication Consumption Between Groups by
; Postoperative Time Point®

=

& 5 Postoperative Time Point Took Medication No Medication P

2 4 /’*

7 3 : 0-30 minutes 160

2 Intra-articular 7 (35) 13 (65)
1 Extra-articular 3 (15) 17 (85)
0 Total 10 (25) 30 (75)
0-30 minutes 1-2 Hours 2-4 Hours 24 Hours 48 Hours 1_2 hours .555
=@ ntra-Articular s Extra-Articular Intra-articular 2 (10) 18 (90)
Extra-articular 1(5) 19 (95)
Figure 1. Mean visual analog scale (VAS) pain scores over Z_Iﬁim 3(1.5) 37(92.5) 709
time between patients in the intra-articular versus extra- Intra-articular 4(20) 16 (80) '
articular bupivacaine groups. Extra-articular 5 (25) 15 (75)
Total 9 (22.5) 31 (77.5)

The drug of choice was dipyrone, especially for patients 24-48 hours 126
from the intra-articular group compared with the extra- Intra'artlFular 6 (30) 14 (70)
articular group. Interestingly, opioids (such as oxycodone Extra-articular 11 (55) 9 (45)

. . . Total 17 (42.5) 23 (57.5)
and codeine phosphate) as well as NSAIDs (etoricoxib and 48 hours 074
ibuprofen) were preferred by patients from the extra- Intra-articular 2(10) 18 (90) ’
articular group in comparison with the intra-articular Extra-articular 7 (35) 13 (65)
group. Total 9 (22.5) 31 (77.5)

DISCUSSION

The main finding of this randomized clinical trial is that
there were no differences in pain relief and analgetic
medication consumption after arthroscopic partial menis-
cectomy between patients who were treated with intra-
articular or extra-articular bupivacaine.

Literature reporting on the effect of intraoperative intra-
articular administration of various local anesthetics drugs
following knee arthroscopy has yielded conflicting results.
Some of the published studies demonstrated that these

“Data are reported as n (%).

treatments indeed reduced the requirements for postoper-
ative pain relief medication and led to an earlier discharge
from the hospital. For example, in a study that included 60
patients who underwent an arthroscopic knee surgery,
intra-articular levobupivacaine combined with morphine
and adrenaline or only bupivacaine decreased the postop-
erative duration of analgesic use and accelerated knee
mobility.2® On the other hand, some studies did not reveal
any significant benefit to the different intra-articular anes-
thetic treatments. Solheim et al®® compared the analgesic
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Figure 2. Percentage of patients who took pain relief medi-
cation at each time point, overall and by group.

effect of intra-articular administration of saline or 5 mg
morphine and found that there were no differences in pain
intensity or pain relief at any time during the 48-hour
observation period between morphine or saline. In another
study, Zou et al** screened 28 studies involving 2564 parti-
cipants to evaluate the effects on pain relief of intra-
articular morphine compared with placebo. No statistical
difference was found between 1 mg morphine and placebo
administered intra-articularly with regard to pain inten-
sity at 0 to 2, 2 to 6, or 30 hours after knee arthroscopy.

An important consideration when administering intra-
articular injections is the potential for chondrotoxicity.
Suggested mechanisms of the toxicity of local anesthetics
toward the cartilage include damage to the mitochondrial
DNA and mitochondrial protein synthesis.'® Preclinical
studies showed that even short-term exposure to local anes-
thetics led to dose- and time-dependent chondrocyte death.
The traditional agents, lidocaine and bupivacaine, were
more harmful than the newer agents such as mepivacaine
and ropivacaine. However, these findings were not repro-
duced by other studies showing no influence of a traditional
agent such as lidocaine on cell viability, morphology, and
cultivation potential of chondrocytes.2® Moreover, Piper
et al?? reported significant risk with continuous bupiva-
caine infusion but found the effects of a single injection of
bupivacaine unclear. A series of 27 postarthroscopic gleno-
humeral chondrolysis has been published in the literature;
25 of these cases received postoperative continuous intra-
articular analgesia with bupivacaine.'®1%2! A review that
summarized clinical and laboratory data from 41 published
studies demonstrated that bupivacaine, lidocaine, ropiva-
caine, and levobupivacaine were toxic to cartilage. Impor-
tantly, intra-articular infusions were found to result in a
greater toxicity to cartilage than single injections.*

Our findings are consistent with the results of another
study in which pain and analgesia consumption after sur-
gery was the same in patients who received either extra-
articular or intra-articular treatment of anesthetic drugs.
Townshend et al®? randomized 137 patients who received
bupivacaine introduced either intra-articularly or extra-
articularly following arthroscopy. The effect on pain relief
1 hour postoperatively was slightly higher in the extra-
articularly treated group versus the intra-articularly
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treated group but this difference was not statistically sig-
nificant. However, this study assessed VAS only 1 hour
following knee arthroscopy and is limited to that time
period. Given the elimination half-life of bupivacaine is
3.1 hours in adults, we sought in this study to follow up
with patients for a longer duration of time to fully compre-
hend the analgesic effect of intra- and extra-articular bupi-
vacaine. A survey of the literature, conducted to locate
studies that demonstrated the superiority of one technique
over the other in patients who underwent knee arthros-
copy, did not yield further contributory results. Neverthe-
less, there are a few studies demonstrating the superiority
of one technique over the other in knee arthroplasty. For
example, 50 patients who had arthrotomy surgery were
divided randomly into a group that was treated with com-
bination of intra-articular morphine and ketamine com-
pound at the end of surgery and into a group that was
treated with a combination of extra-articular morphine and
ketamine compound. The pain severity 2, 4, 6, 12, and 24
hours after surgery was significantly lower among the
intra-articular injection group than in the extra-articular
injection group. In addition, postoperative morphine con-
sumption in the intra-articular injection group was signif-
icantly less than in the extra-articular injection group.! On
the other hand, Cheng et al® recently published data from a
randomized controlled trial with patients who had simulta-
neous bilateral total knee arthroplasty. The patients were
assigned randomly to be treated with either an extra-
articular injection or with an intra-articular injection in 1
side. Cheng et al reported administering a cocktail that
contained 200 mg ropivacaine, 100 pg fentanyl, 0.25 mg
adrenaline, 50 mg flurbiprofen axetil, and 1 mg diprospan,
diluted with normal saline. Patients who were adminis-
tered an extra-articular injection had lower pain scores
than patients with the knee receiving an intra-articular
injection during the first 48 hours after surgery, both in
rest and during activity. In addition, the extra-articular
group demonstrated better results in passive and in active
range of motion in the first 3 days after surgery compared
with the intra-articular group.®

Limitations

This study is not without limitations. The main limitation
of the present study was the small number of patients,
although a priori power analysis did confirm this sample
size is adequate. We also included patients undergoing lat-
eral, medial and lateral, and medial meniscectomies, who
may differ in their postoperative pain levels. However, this
randomized clinical trial still represents a very homoge-
neous population with strict inclusion and exclusion crite-
ria. Furthermore, there were no significant differences
between the groups in terms of patients’ demographics.
Last, different analgesic medication consumption may have
a variable effect on the reported VAS scores. However, all
patients were given the same postoperative S.0.S. (per
patient request) pain medication protocol, which is based
on postoperative VAS as well as patient’s preference within
the protocol limits.
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CONCLUSION

To summarize, we believe pain management strategies are
critical after knee arthroscopy and investigated 2 tech-
niques, extra- or intra-articular administration of various
analgesic drugs, to relieve pain and reduce narcotic medi-
cation consumption after the procedure. Our data demon-
strated that there was no difference in pain severity and
medication requirement after treatment with bupivacaine
via intra- or extra-articular administration. However, pre-
vious evidence had suggested that intra-articular anes-
thetic injection might injure the articular cartilage and
this should be a major consideration in the treatment of
every patient undergoing knee arthroscopy.
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