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INTRODUCTION

Arthroscopic knee surgery is one of  the most common 
minimally invasive surgical procedures in modern 
orthopedic setup. A significant number of  patients 
experience moderate to severe pain 24 hours after 
ambulatory surgery, particularly knee arthroscopy.1 The 
pain is caused by irritation of  free nerve endings of  the 
synovial tissue, anterior fat pad and joint capsule due to 
surgical excision and resection.2 Numerous factors have 
been implicated to influence post-arthroscopy pain: 
anesthesia technique, residual effects of  perioperative 

analgesia, sensitivity of  postoperative analgesia methods, 
preoperative pain level, amount of  surgical trauma 
(i.e. diagnostic arthroscopy or arthroscopic surgery), use 
and duration of  tourniquet exsanguinations, experience of  
surgeons, sex of  patients and postoperative activity level of  
patients.3,4 But the most significant factor is postoperative 
time elapsed since surgery.5 In an effort to provide an 
effective, safe and long lasting post-arthroscopy analgesia, 
several studies using different drugs and regimes have 
been published during the last two decades. Intra-articular 
administration of  local anesthetics has been widely used 
but some studies have questioned their efficacy.6-8 Use of  
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subarachnoid block has been shown to negate the analgesic 
effects of  additional local anesthetics in intra-articular 
route.9

Recently, chondrolysis has been reported following use 
of  amide type of  local anesthetic agents in shoulder 
arthroscopy.10 However, single dose intra-articular injection 
of  local anesthetic appears to be safe in the knee and 
ropivacaine appears to be less toxic than bupivacaine.11

The present study was designed in a prospective, 
randomized, double-blind fashion to compare the analgesic 
effects of  intra-articular ropivacaine between two different 
doses (10 ml of  0.5% and 0.75%) following arthroscopic 
knee surgery. General anesthesia was used to eliminate 
possible confounding of  regional anesthesia.

MATERIALS AND METHODS

After approval from institutional ethical committee and 
obtaining written informed consent of  the patients, the 
study was conducted in Nilratan Sircar Medical College 
and Hospital, a tertiary care medical college hospital in 
eastern India. Total 60 patients of  ASA (American Society 
of  Anesthesiologists) physical status I and II, 34 male and 
26 female, aged between 18 to 60 years and scheduled 
for arthroscopic knee surgery, were enrolled in this study. 
Power calculations suggested that a minimum of  14 subjects 
per group were required to detect 30 minutes difference 
in mean time of  1st dose rescue analgesic requirement 
between groups [taking type I or α error of  5%, type II or 
β error of  20% and inter group standard deviation (SD) 
of  40 minutes]. To be on a safer side, 20 patients were 
included in each group (n=20).

Patients having respiratory, cardiovascular, hepatic, renal or 
neurological disease; allergic to study drugs used; received 
analgesics for long term or within 48 hours of  surgery; 
having body weight more than 30% of  the ideal weight 
and those with osteoarthritis (OA) of  the knee- known or 
discovered during surgery, were excluded from the study. 
Patients requiring additive analgesia intraoperatively (apart 
from injection fentanyl given during premedication) were 
also excluded from the study.

Patients were admitted one day prior to the scheduled 
surgery and were examined and interviewed. Whole 
procedure including 10 cm visual analogue scale (VAS)(0 
= no pain and 10 = worst pain imaginable) was explained 
to the patients. On arrival in the operation theatre (OT), 
monitors were attached and baseline parameters like 
HR (heart rate), NIBP (non invasive blood pressure), 
SpO2 (oxygen saturation), ECG (electrocardiogram) and 
temperature were recorded.

Immediately before anesthesia, patients were randomly 
divided into three equal groups (n = 20) using sealed 
envelopes chosen by the patients.

The study groups were:
i) Control group (group C) – received normal saline 

(0.9% sodium chloride).
ii) Treatment groups:

a) Group R1 – received 0.5% ropivacaine.
b) Group R2 – received 0.75% ropivacaine.

Total volume of  the study drugs were adjusted to 10 ml 
and administered intra-articularly through arthroscope after 
completion of  surgery.

After pre-oxygenation for 3 minutes, anesthesia was induced 
with a standard anesthetic protocol using midazolam 
0.05 mg/kg, fentanyl 2 µg/kg, thiopentone sodium 3-5 mg/kg, 
and tracheal intubation was facilitated by vecuronium bromide 
0.1 mg/kg intravenously (IV). Anesthesia was maintained with 
isoflurane (1-2%) with nitrous oxide (66%) in oxygen. Majority 
of  the patients had undergone repair of  anterior cruciate 
ligament. During surgery, Ringer’s lactate (RL) was administered 
in maintenance dose as per Holiday Segar formula.

At the end of  surgery before skin closure, study drug was 
administered by the surgeon through port site in the intra-
articular space. Tourniquet was kept inflated for another 
20 minutes. Drain put by the surgeon was clamped before 
administering the study drug and remained clamped for 
another 20 minutes.

After completion of  surgery, neuromuscular blockade was 
antagonized with injection of  neostigmine 0.05 mg/kg and 
glycopyrrolate 0.02 mg/kg IV and patient was extubated 
when respiration was deemed sufficient and he/she was 
able to obey commands. Then patient was shifted to PACU 
(post anesthesia care unit).

HR, NIBP, SpO2, ECG and VAS scores were recorded at 
1st, 2nd, 4th, 6th, 12th and 24th postoperative hours. Injection 
diclofenac sodium (75 mg IM) was given as rescue analgesic 
if  VAS>4. First postoperative analgesia request time, total 
diclofenac used in first 24 hours were recorded.

Statstical analysis
Data were expressed as mean and standard deviation 
(Mean ± SD). Normality of  the distribution in each group was 
checked by the Shapiro-Wilk normality test. The homogeneity 
in 3 groups of  mean and SD were analyzed using SPSS 
software version 18.0 (SPSS Inc., Chicago, Illinois, USA). 
Inter-group comparisons were done using one way analysis 
of  variance (ANOVA). Post-hoc Tukey test was followed 
where ANOVA values were significant. Categorical data were 
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compared using Chi-square test. A p value of  less than 0.05 
was considered as statistically ‘significant’ (p < 0.05) (Figure 1).

RESULTS

There were no significant differences between the three 
groups with regard to demographic data such as age, sex, 
weight, height and duration of  surgery (Table 1).

Figure 1: The CONSORT flow diagram of the study design 

Table 1: Demographic profile (mean±SD)
Demographic 
profile

Group C Group R1 Group R2 p value

Age (years) 36.4±9.65 33.15±10 32.15±8.88 0.343
Sex (M:F) 12 : 8 9 : 11 13 : 7 0.415
Weight (Kg) 63.1±8.54 65.25±9.59 61.6±9.9 0.469
Height (cm) 161.6±9.66 163.8±9.67 162.55±6.95 0.734
Duration of 
surgery (min)

110.2±17.9 107.15±12.73 109.65±14.61 0. 797
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Comparison of  time of  first postoperative rescue analgesic 
request (RA1) and total number of  rescue analgesic 
requirement in first 24 hours postoperatively (RAT) are shown 
in Table 2. Compared to the control group, ropivacaine groups 
(both R1 and R2) had significantly delayed first post-operative 
rescue analgesic request with significantly lesser requirement 
of  rescue analgesia in first 24 hours (p<0.001 in both cases).
Between group R1 and R2, though RA1 was significantly 
different, there was no significant difference in RAT values.

Figure 2 shows the VAS scores of  the three groups at 1st, 
2nd, 4th, 6th, 12th and 24th postoperative hours. The VAS score 
was 0 in all the groups at 1st post operative hour. Except 
6th postoperative hours, VAS scores were significantly 
lower in ropivacaine groups (both R1 and R2) all the 
time (p < 0.05). However, at 24th postoperative hours, 
no significant difference in VAS scores between the three 
groups was observed (p > 0.05).

No incidence of  adverse events (AEs) like nausea, vomiting, 
urinary retention, itching or sedation was observed in any 
study group.

DISCUSSION

Arthroscopic surgery is associated with a variable amount 
of  postoperative pain.1 Many modes of  postoperative 
analgesia have been reported for patients undergoing 
knee arthroscopy. It can be provided by systemic 
administration of  either narcotic or non-narcotic 
analgesic drugs;12 intra-articular local anesthetic drugs,6 
non-narcotic analgesic drugs (ketorolac) 13 or narcotic 
analgesic drugs (morphine, pethidine and fentanyl).14,15 
Each route has its own advantages and disadvantages. 
Intermittent systemic analgesic administration can not 
keep the patient totally pain free for all the times and also 
often associated with side effects like nausea, vomiting, 
respiratory depression, drowsiness, pruritus, reduced gut 
motility and urinary retention;16 whereas intra-articular 
route provides qualitatively better analgesia locally with 
minimal systemic side effects. It may be due to slower 
rate of  absorption through poorly vascular intra-articular 
surface. Intra-articular drug administration is one of  the 
simplest techniques requiring no specialized equipment for 
pain management, but it is applicable only during surgery.

In last two decades, there have been various studies using 
different drugs via intra-articular route for postoperative 
pain management after athroscopy. Geutens et al. 
demonstrated the analgesic effect of  0.5% intra-articular 
bupivacaine in first post-operative day.17 Ropivacaine is a 
commonly used local anesthetic agent and is structurally 
related to bupivacaine. It causes reversible inhibition of  
sodium influx during action potential generation thus 
blocking impulse conduction in nerve fibers. This action is 
also potentiated by dose dependent inhibition of  potassium 

Figure 2: Mean VAS scores of study groups at different post-operative hours

Table 2: Time of first rescue analgesic and total 
no. of rescue analgesic in first 24 hrs (mean±SD)
Baseline 
parameters

Group C Group R1 Group R2 P value

RA1 221.9±20.98 332.95±19.85* 401.2±28.88*† <0.001
RAT 3.05±0.69 1.75±0.72* 1.45±0.6* <0.001

RA1=time of first post‑operative rescue analgesic request (in minutes); RAT=total 
number of rescue analgesic requirement in first 24 hours post‑operatively. Symbols 
represent a significant difference (p<0.05) compared with the control group C (*) 
or between group R1 and R2 (†), as determined using a one‑way ANOVA with a 
post‑hoc Tukey test
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channels.18 Ropivacaine is available as an optically pure S(-) 
enantiomer from the parent chiral molecule propivacaine,19 
whereas bupivacaine is a mixture of  two enantiomers- R(+) 
and S(-). R(+) enantiomer is responsible for the toxicity of  
the local anesthetic agent. Ropivacaine is less lipid soluble 
than bupivacaine, but its pharmacokinetic deposition is 
similar. Due to decreased lipophilicity, it is less likely to 
penetrate large myelinated Aβ motor fibers than pain-
transmitting Aδ and C fibers. For these reasons, ropivacaine 
seems to provide similar and effective post-arthroscopy 
analgesia compared to bupivacaine with less CNS (Central 
nervous system) and cardiac toxicity.20 Convery et al. studied 
plasma concentrations of  ropivacaine following single 
intra-articular injection in the knee joint and found that 
single dose ropivacaine up to 200 mg cut down below the 
estimated threshold level for systemic toxicity.21 They also 
observed that median analgesic consumption in the first 
and second postoperative 24 hour periods were lower in 
the ropivacaine groups than bupivacaine group. Samoladas 
and colleaguesconcluded that intra-articular ropivacaine 
is effective to reduce postoperative pain minimizing the 
use of  systemic analgesia.22 Marret et al. concluded that 
intra-articular ropivacaine 0.75% provides better analgesia 
than bupivacaine 0.5% (no significant differences in VAS 
scores compared to control with bupivacaine 0.5%) after 
arthroscopic knee surgery.23 Chen et al. established the 
safety and efficacy of  intra-articular ropivacaine in Chinese 
population.24 Franceschi et al. compared 75 mg ropivacaine 
and 2 mg morphine intra-articularly and showed that 
ropivacaine is a safe, site-specific, and long lasting anesthetic 
drug with an earlier onset of  action than morphine and 
almost the same duration during the entire postoperative 
period.16

In this study, ropivacaine group had significantly delayed first 
post-operative rescue analgesic request with significantly 
lesser requirement of  rescue analgesia in first 24 hours (p < 
0.001 in both cases). Except 6th and 24th post-operative 
hours, ropivacaine group patients also showed significantly 
less VAS scores up to 24 hours post-operatively (p<0.05). 
The higher mean VAS score at 6th postoperative hours in 
ropivacaine groups (both R1 and R2) were probably due to 
administration of  rescue analgesics in other groups before 
the time of  scheduled observation. At 24th postoperative 
hours, there was no significant difference in VAS scores 
between control and ropivacaine groups, both R1 and R2 
(p>0.05). So, it was clearly found that analgesic efficacy of  
intra-articular ropivacaine is significantly (p<0.05) superior 
than placebo, at least up to first 12 hours postoperatively.

The results of  our study support the findings of  
Samoladas et al.22 The comparatively lower VAS scores in 
the ropivacaine groups may be due to the fact that use of  
tourniquet and rescues analgesics may modify VAS scores. 

Significant lower VAS score as observed by Convery et al. is 
probably due to comparatively higher doses of  ropivacaine 
and usage of  additional lignocaine for port site infiltration.21 
We also support the findings of  Marret et al.,23 Chen et al.24 
and Franceschi et al.16

We contradict the findings of  Aasbø et al.7 and Rautoma 
et al.8 regarding the inefficacy of  intra-articular local 
anesthetic agents. This is probably due to use of  low 
concentrations of  local anesthetics (0.25% bupivacaine)7 or 
use of  subarachnoid block8 which may negate the analgesic 
effects of  additional local anesthetics in intra-articular 
route.9 After meta-analysis of  twenty double blinded 
randomized controlled trials, Møiniche et al. concluded that 
intra-articular local anesthetic agents may have moderate 
analgesic activity of  short duration.6 These findings are in 
support of  our study.

Recently, chondrolysis has been reported following intra-
articular use of  amide type of  local anesthetic agents.10 
It is a separate entity from that of  systemic toxicity. 
Chondrolysis has been defined as the destruction of  
articular cartilage due to dissolution of  cartilage matrix 
and chondrocytes over a very short period of  time.10 It 
can lead to severe OA and long-term disability in future. 
Though local anesthetics have been implicated as one 
of  the causative agents of  chondrolysis, it is associated 
with prolonged infusion at high doses. Until further 
data are available, single intra-articular injection of  
local anesthetic agents may be taken as safe. Young and 
Buvanendran opined that local anesthetics are probably 
safe for intra-articular use in the knee.25 However, they 
have discouraged continuous and patient-controlled intra-
articular infusions.

There were several limitations of  this study like small 
sample size, single-center design and selected study 
population (pediatric, elderly and ASA III-IV patients were 
excluded). Also there was no follow up to detect any local 
tissue damage in intra-articular space following injection 
of  study drugs. Further large scale multicentric clinical 
studies can be performed to develop a more reliable and 
clinically efficient regime of  ropivacaine as a component of  
multimodal approach of  post operative analgesia without 
any side effects.

CONCLUSION

In our double-blind randomized controlled trial, 
administration of  intra-articular ropivacaine showed 
superior analgesic efficacy when compared with placebo 
following arthroscopic knee surgery. We recommend 
routine use of  0.75% ropivacaine in intra-articular route 
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following arthroscopic knee surgery. Further, larger trials 
are needed to confirm our findings and better delineate the 
clinically efficient regime of  ropivacaine.
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