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Abstract 

 

Intra-synovial Ropivacaine and Morphine for Pain Relief after Total Knee Arthroplasty 

- A Prospective, Randomized, Double Blind Study - 

 

Doo-Hyung Lee  

Department of Medicine 

The Graduate School, Yonsei University 

(Directed by Professor Chang-Dong Han) 

 

Several analgesic techniques are available for pain management after a major operation. From 

December 2005 to February 2006, a prospective, double-blind study was performed involving 

90 patients who had undergone a total knee arthroplasty. Patients were randomly divided into 

three equal groups (n = 30). Demographic data, including age, height, weight, knee score, visual 

analogue scale (VAS), and range of flexion were evaluated preoperatively. Before wound 

closure, patients were given intra-synovial injections of the following solutions: patients in 

group I received 40 mL of 300 mg ropivacaine with 1:200,000 epinephrine and 5mg morphine; 

patients in Group II received 40mL of 300 mg ropivacaine with epinephrine; and patients in 

Group III received 50mL normal saline as a control. All patients received an epidural patient-

controlled analgesia (PCA) for 24 postoperative hours. Analgesic efficacy was evaluated using 

the VAS at intervals of 2, 4, 6, 12, 24, 32, 40, and 48 hours postoperatively. During this period, 

the side effects, the dosage of rescue analgesia required, and the range of knee flexion were 

recorded for each group. There were no significant differences among the three groups with 

regards to the VAS and the required dose of rescue analgesia (p > 0.05). None of the groups 

demonstrated significant differences in the range of knee flexion and the incidence of 

postoperative nausea and emesis (p > 0.05). Therefore, we found that ropivacaine, alone or with 
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morphine, injected into the synovial tissue, along with an epidural PCA has no additional 

benefits in pain control after a total knee arthroplasty. 

------------------------------------------------------------------------------- 

Key Words: total knee arthroplasty, intra-synovial, ropivacaine, morphine 
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Intra-synovial Ropivacaine and Morphine for Pain Relief after Total Knee Arthroplasty 

- A Prospective, Randomized, Double Blind Study - 

 

Doo-Hyung Lee  

Department of Medicine 

The Graduate School, Yonsei University 

(Directed by Professor Chang-Dong Han) 

 

I. INTRODUCTION 

 

Total knee arthroplasty is a major orthopaedic operation associated with considerable 

postoperative pain. Several analgesic techniques are used for pain management, including a 

peripheral nerve blockade, non-steroidal anti-inflammatory drugs, and narcotics administered 

orally, intramuscularly, intravenously, or via a patient-controlled analgesia (PCA) pump. Each 

of these therapies may be used alone or in combination.1 Gupta et al. 2 found significant though 

minor pain reduction for up to 24 hours postoperatively after intra-articular administration of 

morphine.  Intra-articular injection of bupivacaine and epinephrine decreased the need for 

narcotics and increased the range of motion after knee replacement.3 Kligman et al.4 reported 

that intra-synovial injection, as compared to intra-articular injection, provided better pain relief 

for patients who underwent an arthroscopic menisectomy. To our knowledge, however, no 

attempts have been made to study the effects of intra-synovial injection of local anesthesia and 

morphine in patients following a total knee replacement.  

 We chose ropivacaine for local anesthesia because it showed a lower incidence of 

cardiotoxicity than bupivacaine.5 

The aim of this study was to evaluate the analgesic efficacy of ropivacaine (alone or with 
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morphine) injected into synovial tissue after a total knee arthroplasty. 
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II. MATERIALS AND METHODS 

 

From December 2005 to February 2006, a prospective study was conducted involving 90 

patients (78 women, 12 men) who had undergone primary total knee arthroplasty. Prior to 

enrollment, all patients gave their informed written consent. Exclusion criteria included and age 

greater than 80 years, body weight over 100 kg, grade IV or higher in American Society of 

Anesthesiologist (ASA), alcohol or narcotics abuse, and patient hypersensitivity to morphine or 

local anesthesia. The LCS prosthesis (Depuy Int, Leeds, UK) was chosen for total knee 

arthroplasty except in 14 cases that had a severe deformity. In those cases, the NexGen 

prosthesis (Zimmer, Warsaw, IN, USA) was used for patients exhibiting flexion contracture over 

30 degrees, or had varus or valgus deformity over 15 degrees. Patients were randomly divided 

into three equal groups (n = 30). Randomization was achieved by using a sequential pool based 

on a table of randomized numbers. Demographic characteristics were examined preoperatively 

and included criteria such as height, weight, gender, ASA, diagnosis, Hospital for Special 

Surgery (HSS) knee score, Knee Society Score (KSS) knee score, visual Analogue Scale (VAS) 

score, and range of flexion. 

 All patients received combined anesthesia. The spinal anesthesia was 8 to 10 mg of 0.5% 

isobaric tetracaine. The epidural infusion pump used 225 mg of 0.225% ropivacaine, 0.1 mg of 

sufentanyl, 0.005 mg/kg of naloxone, and 0.9% normal saline to make the 100 mL solution. The 

PCA device was designed to deliver a dose of 2 mL/hour, with an “on-demand” bolus of 0.5 mL 

every 15 minutes. Surgery was initiated when pinprick anesthesia was achieved at the T10 

dermatomal level. A midline incision and parapatellar arthrotomy was made using standard 

surgical techniques. Following instrumented bone resection, total knee components were fixed. 

Soft tissue balancing and patellar tracking were assessed and corrected. Before closure of the 
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wound, the following solutions were injected into 10 separate areas around the synovium: 

patients in Group I received 40 mL of 300 mg ropivacaine with 0.25 mL of 1:200,000 

epinephrine, 0.5 mL of 5 mg morphine, and 9.25 mL of 0.9% normal saline; patients in Group II 

received 40 mL of 300 mg ropivacaine with 0.25 mL of 1:200,000 epinephrine, and 9.75 mL of 

0.9% normal saline; and patients in Group III received 50 mL of 0.9% normal saline as a control. 

The intra-synovial medications were administered by the senior author, who was blind to the 

contents of the solution. After injection, a wound drain was placed near the medial aspect of the 

joint space. The tourniquet and drain clamp were released after the skin wound was sutured.    

Postoperatively, residual sensory levels were checked hourly using the pinprick method. The 

spinal anesthesia sensory blockade on the knee disappeared completely within two hours of the 

surgery in all patients. Perioperative management included standard antibiotic prophylaxis, a 

PCA pump, and rescue analgesia. The incidence of booster PCA was recorded for 24 hours 

before removal of the PCA device. The amount of intravenously injected tramadol (used for 

rescue analgesia) was recorded. Analgesic efficacy was evaluated by noting the VAS at 2, 4, 6, 

and 12 hours postoperatively at a resting state, and at 24, 32, 40, and 48 hours postoperatively at 

resting and exercising states. During this period, side effects and the range of flexion were 

recorded for each group. The patients and investigators who participated in the postoperative 

assessment were masked to the patients’ group assignments and treatments. Weight bearing and 

ambulation were started within 24 hours postoperatively.  

 

Statistical analysis 

 The differences among the three groups were analyzed using a Fisher’s exact test, Pearson 

chi-square test and one-way analysis of variance (ANOVA). If a significant difference was 

found, the Tukey’s HSD test was used to detect the differences among the groups. The 
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differences were considered to be significant if p < 0.05. The SPSS 13.0 ps.exe statistical 

program was used for the analysis (SPSS Inc, Chicago, IL, USA). 
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III. RESULTS 

 

Demographic characteristics were similar among the three groups. However, there was a 

significantly higher preoperative HSS knee score in Group III as compared to Group II (p = 

0.034) (Table 1).  

In resting status (at 2, 4, 6, 12, 24, 32, 40 and 48 hours postoperatively), there were no 

significant differences in the VAS between three groups (p > 0.05) (Table 2). In exercising status 

(at 24, 32, 40 and 48 hours postoperatively), there were also no significant differences in the 

VAS (p > 0.05) (Table 3).   

The mean dosages (± standard deviation) of tramadol used as rescue analgesia on the day of 

the operation were as follows: 30 ± 40 mg in Group I, 30 ± 30 mg in Group II, and 40 ± 60 

mg in Group III (p = 0.607). The dosages on the first postoperative day prior to epidural PCA 

removal were 25 ± 40 mg in Group I, 40 ± 45 mg in Group II, and 40 ± 55 mg in Group 

III ( p = 0.285). The dosages on the first postoperative day after epidural PCA removal were 25 

± 30 mg in Group I, 35 ± 40 mg in Group II, and 30 ± 30 mg in Group III (p = 0.522). The 

dosages on the second postoperative day were 30 ± 45 mg in Group I, 20 ± 40 mg in Group 

II, and 25 ± 50 mg in Group III (p = 0.522). There were no significant differences in the 

tramadol dosage among the groups beyond post-op day two.  

The mean incidence (± standard deviation) of booster PCA use before epidural catheter 

removal was 29.7 ± 10.6 in Group I, 32.7 ± 11.0 in Group II, and 33.8 ± 7.4 in Group III. 

There was no significant difference among thee groups (p = 0.249).  

Regarding the side effects, 14 patients in Group I, 12 patients in Group II, and 12 patients in 

Group III experienced nausea within 48 hours of the surgery. There was no significant 

difference in the incidence of nausea among the three groups (p = 0.833). The mean incidence 
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of emesis within 48 hours of the surgery was 0.7 for Group I, 0.4 for Group II, and 0.3 for 

Group III. There was no significant difference in incidence of emesis among the three groups (p 

= 0.270). Complications such as hematoma, infection, or perioperative fracture were not present 

in any of the cases. 

The mean range of flexion (± standard deviation) at 24 hours postoperatively was 85.7 ±

29.7 degrees in Group I, 77.0 ± 39.6 in Group II, and 82.0 ± 23.7 in Group III (p = 0.569). 

At 36 hours postoperatively, the mean range of flexion was 94.3 ± 28.6 degrees in Group I, 

86.5 ± 36.2 degrees in Group II, and 93.0 ± 24.8 degrees in Group III (p = 0.564) (Fig. 1). 

There were no significant differences among three groups.  
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Table 1. Patient demographics 

 Group 1 Group 2 Group 3 p-value 

 (ropivacaine and 

morphine) 

(ropivacaine) (control)  

Sex (M/F) 3/27 6/24 3/27 0.578 

Age (yr, range) 69.1(58-78) 68.0(52-79) 66.7(52-78) 0.413 

ASA* (I/II) 26/4 24/6 27/3 0.570 

Diagnosis    1.000 

  Osteoarthritis 30 29 30  

  Rheumatoid arthritis 0 1 0  

Height (cm) 152.0 ± 9.3 154.4 ± 6.6 151.3 ± 20.0 0.628 

Weight (kg) 63.0 ± 9.9 63.2 ± 9.2 61.4 ± 7.9 0.711 

Preoperative 

knee score 

    

  HSS† 64.2 ± 8.4 61.1 ± 6.1 67.5 ± 12.3 0.034‡ 

  KSS§ 45.1 ± 7.5 43.7 ± 6.6 47.4 ± 9.7 0.209 

VAS∥ 4.8 ± 1.5 4.3 ± 0.9 4.6 ± 1.5 0.322 

Range of flexion 

(degree) 

108.8 ± 19.7 106.7 ± 24.0 113.5 ± 23.1 0.483 

Duration of tour 

-niquet (min) 

67.3 ± 13.7 72.9 ± 9.4 68.13 ± 11.7 0.142 

The dose of hemovac 

drainage 

696.0 ± 350.9 639.5 ± 346.3 712.5 ± 297.6 0.673 

Type of prosthesis 

( LCS/NexGen) 

26/4 25/5 25/5 0.919 

* ASA = American Society of Anesthesiologist 



   11 

† HSS = Hospital for Special Surgery 

‡ There is a significant difference between group II and III. 

§ KSS = Knee Society Score 

∥VAS = Visual Analogue Scale 

 

Table 2. Visual Analogue Scale scores, without exercise, at 2, 4, 6, 12, 24, 32, 40, and 48 hours 

postoperatively. Data are expressed as the mean ± standard deviation. Statistical analysis was 

done using a one-way ANOVA. 

 

 

Time  

Group I 

(ropivacaine 

and morphine) 

Group II 

(ropivacaine) 

Group III 

(control) 

p-value 

2 hour 2.3 ± 3.1 1.7 ± 2.7 1.8 ± 3.1 0.697 

4 hour  2.6 ± 1.6 2.7 ± 2.0 2.5 ± 2.2 0.945 

6 hour 4.0 ± 1.3 4.4 ± 1.9 4.3 ± 1.5 0.500 

12 hour 4.3 ± 1.4 4.7 ± 1.6 4.9 ± 1.3 0.251 

24 hour 4.6 ± 1.4 4.1 ± 1.2 4.3 ± 1.5 0.513 

32 hour 4.2 ± 1.2 3.6 ± 1.3 3.8 ± 1.3 0.154 

40 hour 4.0 ± 1.3 3.5 ± 1.3 3.7 ± 1.1 0.407 

48 hour 3.7 ± 1.4 3.3 ± 1.3 3.3 ± 1.5 0.455 
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Table 3. Visual Analogue Scale scores, with exercise, at 24, 32, 40, and 48 hours 

postoperatively. Data are expressed as the mean ± standard deviation. Statistical analysis was 

done using a one-way ANOVA. 

 

 

Time  

Group I 

(ropivacaine 

and morphine) 

Group II 

(ropivacaine) 

Group III 

(control) 

p-value 

24 hour 4.8 ± 1.1 4.6 ± 1.2 5.1 ± 1.1 0.222 

32 hour  4.2 ± 1.2 3.7 ± 1.3 3.8 ± 1.3 0.060 

40 hour 4.2 ± 1.4 3.9 ± 1.4 4.4 ± 0.9 0.281 

48 hour 4.1 ± 1.4 3.8 ± 1.4 3.8 ± 1.4 0.372 
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Fig. 1. Knee range of flexion (degree), 24 and 36 hours postoperatively. Statistical analysis was 

done using a one-way ANOVA. 
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IV. DISCUSSION 

 

An epidural PCA is not always appropriate following a major operation despite its strong 

analgesic effects, especially in patients who have had previous surgery in the lumbar area, are 

severely obese, or have a concurrent bleeding diathesis.6-9 Intra-articular injection of medication 

such as morphine or local anesthesia for postoperative pain control is commonly studied in the 

setting of arthroscopic surgeries.10-12 Recently, pain management that included intra-articular 

injection after a major surgery has been studied, despite some studies demonstrating an 

analgesic effect akin to that of placebo.13-17  

Ropivacaine and morphine were used as analgesics in this study. Ropivacaine (1-propyl-2’,6’-

pipecoloxylidide hydrochloride) is a new, long acting, local anesthetic. Although chemically 

related to bupivacaine, studies have shown ropivacaine to produce less cardiac and central 

nervous system toxicity than bupivacaine. It also produces a similar degree of sensory block, 

but with less motor block than bupivacaine.18   

 Intra-articular local anesthesia, combined with morphine and ketorolac, has been found to have 

a synergistic effect on pain relief following arthroscopic procedures.11 When the morphine is 

administrated into local inflammatory tissue such as a joint, it produces analgesia by acting on 

local opioid receptors in the inflammatory tissue, thus inhibiting the transmission of nociceptive 

signals out of the local tissue.19-21 A small dose of naloxone added to an epidural PCA does not 

affect the opioid receptors around the knee.22 However, in this study, ropivacaine with morphine 

did not show any analgesic advantage over placebo (p > 0.05). Even though there was a short 

time interval between the intra-synovial injection and tourniquet release, the interval was 

sufficient enough to achieve the analgesic effect.23 The mean onset of motor and sensory 

blockade by ropivacaine was within six minutes of administration.24     
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 Intra-synovial injection was used in this study because it was more effective than intra-

articular injection for analgesia. To our knowledge, no prospective double-blind study has been 

conducted involving intra-synovial ropivacaine (either alone or with morphine) injection for 

pain relief after total knee arthroplasty. There was a similar study by Busch et al.25 on 

periarticular multimodal injections including ropivacaine, ketorolac, epimorphine and 

epinephrine which showed less requirement for rescue analgesics than placebo.   

 There are several limitations to this study. First, there is the possibility that the analgesic effect 

of the intra-synovial injection of ropivacaine was masked by the epidural PCA during the first 

24 hours. Thus, it would be useful to study the pure effect of ropivacaine injected intra-

synovially, without the presence of an epidural PCA. That said, our goal was to determine if 

these was any additional benefit of ropivacaine injected intra-synovially combined with an 

epidural PCA, and we found none. Second, there is no available data regarding the appropriate 

dosage of ropivacaine in major surgeries (such as a knee replacement); there is only data for 

minor surgeries, such as tonsillectomies or menisectomies. In this study, 300 mg of ropivacaine 

was used to manage the pain after arthroscopic knee surgery.10 
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V. CONCLUSION 

Ropivacaine, alone or with morphine injected intra-synovially added to an epidural PCA has 

no additional benefits in regard to analgesic efficacy, rescue analgesics, the incidence of side 

effects, or the range of flexion after total knee arthroplasty. 
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Abstract (in Korean) 

 

활액막내 ropivacaine 과 morphine 주사를 통한 인공슬관절 전치환술 후 통증 조절 

- 전향적, 무작위적, 이중 맹검 연구 - 

 

<지도교수 한한한한 창창창창 동동동동> 

 

연세대학교 대학원 의학과 

 

이이이이 두두두두 형형형형 

 

 

주요 수술 후 발생되는 통증 조절을 위해 여러 가지 방법들이 사용되어 왔다. 본 

연구는 2005년 12월부터 2006년 2월 사이에 인공슬관절 전치환술을 시행받은 90명

의 환자를 대상으로 전향적, 이중 맹검 방법으로 이루어졌다. 환자들은 무작위적으

로 30명씩 세 군으로 나뉘어졌으며 나이, 키, 몸무게, 슬관절 기능 점수, VAS 점수, 

관절운동 범위 등이 수술 전 측정되었다. 진통 효과를 얻기 위해 인공슬관절 전치

환술 과정 중 봉합 전 단계에서 다음 용액들을 활액막내 주사하였다. 제 1군에게는 

300mg ropivacaine, 1:200,000 epinephrine 및 5mg morphine을 혼합한 용액 50mL, 제 2

군에게는 morphine을 제외하고 ropivacaine과 epinephrine 만으로 구성된 용액 50mL, 

제 3군은 대조군으로서 생리식염수 50mL을 주입하였다. 모든 환자들에게 수술 후 

24시간 동안 경막외 자가 통증 조절 장치를 부착하였다. 진통 효과는 수술 후 2, 4, 

6, 12, 24, 32, 40 및 48시간 째 VAS 점수로 측정하였고 이 기간 동안 약물 부작용 빈

도, 구제 약물의 양, 관절운동 범위를 기록하였다. 세 군간 VAS 점수와 구제 약물 

양의 차이는 없었다 (p > 0.05). 또한 세 군간 관절운동 범위 및 오심과 구토의 빈도 

차이도 없었다 (p > 0.05). 따라서 인공슬관절 전치환술 후 경막외 자가 통증 조절 

장치를 지닌 환자에게 활액막내 ropivacaine 단독 혹은 morphine 과 병합 주사는 추

가적인 진통 효과를 얻을 수 없을 것으로 사료된다.       

 

핵심되는 말 : 인공슬관절 전치환술, 활액막내 주사, ropivacaine, morphine 
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