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Abstract 
Achieving adequate control of postsurgical pain remains a challenge in pa-
tients undergoing Total Knee Arthroplasty (TKA). The objective of this study 
was to assess if liposomal bupivacaine injected into the posterior capsule, in 
combination with a femoral nerve block and multimodal pain control regi-
men, would result in better pain control. The two groups were similar with 
regards to demographics and method of intraoperative anesthesia. Infiltration 
into the posterior capsule with liposomal bupivacaine had significantly lower 
resting pain scores compared to the saline group. Patients in the liposomal 
bupivacaine group also used slightly less breakthrough narcotic (5.75 to 4.31 
mg of morphine equivalence). We recommend the use of infiltration of lipo-
somal bupivacaine into the posterior capsule as an adjunct in multimodal 
analgesia in TKA patients to reduce pain and resultant narcotic use. 
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1. Introduction 

Total knee arthroplasty (TKA) is often undertaken in patients with end-stage 
knee arthritis. Although TKA can be a very successful procedure, results from pa-
tient surveys suggest there can be a high incidence of moderate to severe 
post-surgical pain [1] [2]. The number of knee arthroplasties performed in the 
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United States has doubled in the last decade. However, acute pain management 
remains a challenge [3] [4] [5]. Poor pain control has an established relationship 
with delays in rehabilitation, prolonged hospital stays and the potential of pro-
gression to chronic pain [6]. Furthermore, the Joint Commission on Accredita-
tion of Healthcare Organization (JCAHO) has endorsed comprehensive assess-
ment and adequate treatment of post-operative pain by developing standardized 
guidelines [7]. 

In order to achieve optimal pain relief after TKA, several modalities have been 
studied including femoral nerve block, intra-articular/peri-articular injection of 
local anesthetics, opioids, non-steroidal anti-inflammatory drugs (NSAIDs, cyc-
looxygenase (cox) inhibitors), as well as epidural analgesia [8] [9] [10] [11] [12]. 
Currently, multimodal pain management techniques are the standard of care. 
These include administration of two or more drugs that have different mechan-
ism of action with a goal to decrease the use of opioids and their sequelae [6] 
[13] [14] [15]. 

2. Study Design 

The study is single center, placebo controlled, double blinded, randomized con-
trol trial. After IRB approval and registration of the clinical trial at clinical-
trials.gov (NCT02011464), 20 patients consented to participate in the study. The 
study included patients with primary osteoarthritis undergoing total knee arth-
roplasty either under spinal or general anesthesia. 

The patients were randomly distributed into two groups with Group A (con-
trol) receiving 20 ml of normal saline (0.9%) while Group B (study) received 20 
ml of liposomal bupivacaine injected into the posterior capsule during TKA by 
the orthopedic surgeons. The preoperative history and physical was used as our 
screening tool to ensure that the participant had the require inclusion criteria 
and none of the exclusion criteria. If the screening showed that they could par-
ticipate, the study team would consent them for the study. Twenty numbered 
envelopes were created. Each envelope had a card that was generated with a 
randomization program that had the restriction that there would be 10 partici-
pants in each group placing the patient in their respective group. Patients from 
both groups received a femoral nerve block with catheter placement for conti-
nuous infusion of local anesthetic. The infusion rate was maintained at 6 - 8 
cc/hour of 0.1% Ropivacaine. Multimodal analgesia was used to supplement pain 
control, which included Tylenol P.O. 1 g TID (not to exceed 4 g in 24 hours), 
Oxy Contin 10 mg PO BID, and Celebrex 200 mg PO daily. All patients had 
access to both oral and intravenous rescue narcotic analgesics after surgery. The 
time, day and number of requests for breakthrough (additional) analgesia were 
recorded. Pain scores were assessed using an 11-point (0 - 10) numeric rating 
scale-(NRS). Pain was assessed for both posterior and anterior aspects of the 
knee when at rest for the following intervals: post anesthesia care unit (PACU) 
arrival, 4, 8, 12, 24, 48, and 72 hours after the posterior injection. Pain with knee 
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range of motion was also noted. 

3. Objectives 

1) Assess the efficacy of pain control of liposomal bupivacaine when injected 
into the posterior knee capsule along with femoral nerve block after total knee 
arthroplasty. 

2) Record and assess the date, time, amount and route of all opioid analgesics 
administered for breakthrough pain. 

3) Assess pain levels during knee range of motion. 
4) Incidence of opioid related side effects (nausea, vomiting, constipation, 

respiratory depression and hypoxia) or adverse events. 

4. Patients 

Inclusion criteria:  
• Males and females age range 18 - 75 years with planned TKA. 
• ASA physical classification status 1 - 3.  
• Patients must be physically and mentally able to participate in the study and 

complete all study assessments. 
• Patients must be able to give informed consent to participate in this study af-

ter demonstrating a good understanding of the risks and benefits of the pro-
posed components of infiltration into the posterior capsule of the knee. 

Exclusion criteria: 
• History of hypersensitivity or idiosyncratic reactions to amide-type local 

anesthetics. 
• Any patient whose anatomy or surgical procedure, in the opinion of the in-

vestigator, might preclude the potential successful performance of an appro-
priate liposomal bupivacaine infiltration into the posterior capsule of the 
knee. 

• Any patient, who in the opinion of the investigator, might be harmed or be a 
poor candidate for participation in the study. 

• Any patient, who in the opinion of the investigator, is on chronic pain medi-
cine (opioids), or large doses of NSAIDs. 

• Patients who have received any investigational drug within 30 days prior to 
study drug administration, or planned administration of another investiga-
tional product or procedure during their participation in the study. 

• History of pre-existing neurological disorders/neuropathy. 

5. Statistical Methods 

Assuming a difference of at least three points on an eleven-point pain scale from 
0 to 10 NRS pain scale and a standard deviation (SD = 2.2 [16]), the effect size is 
expected to be at least 1.36 with a sample of 10 in each group (Group A and 
Group B) that should provide 82% power to detect a significant difference with 
alpha = 0.05. The time course of mean pain scores from 4 to 72 hours postopera-
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tively was analyzed using mixed model regression.  
We compared both the individual post-surgical breakthrough narcotic used 

and the total breakthrough narcotic use. For the total breakthrough use, the dose 
of all opioids administered was converted into morphine equivalents for the 
analysis. The morphine equivalents were calculated by converting the oxycodone 
(per oral, PO), morphine (intravenous, IV) and hydromorphone (IV) by divid-
ing by 2, 1 and 0.16 respectively (for example 20 mg of oxycodone = 10 mg 
morphine and 1.6 mg of hydromorphone = 10 mg of morphine equivalent) [17]. 
Duration of analgesia observed with liposomal bupivacaine was compared with 
controls receiving placebo (0.9% normal saline). Additionally, the incidence of 
postsurgical adverse effects was noted. 

6. Results 

The demographics of the two groups are shown in Table 1. There were more 
females in the control group (N = 8, 80%) compared to study group (N = 6, 
60%). This was secondary to the small group size and tried to consecutively 
consent anyone that made the criteria to be included in the study. However, 
there was no significant difference in sex, age, weight, height, BMI or ASA status 
between the two groups. The mean operative time in the Liposomal bupivacaine 
group was 2.01 ± 0.4 hrs versus 1.97 ± 0.7 hrs in the control group with no sig-
nificant difference between the two (p = 0.44). The majority of patients (N = 9, 
90% in each group) received spinal anesthesia with a propofol infusion for seda-
tion. The remaining patients underwent general anesthesia for the procedure. 
All patients received a continuous femoral nerve block with an indwelling ca-
theter as well. The control group received more intraoperative fentanyl than the 
bupivacaine group, but was not found to be statistically significant (145 mcg vs. 
95 mcg of fentanyl for control group and liposomal bupivacaine groups, respec-
tively [p = 0.12]). 

 
Table 1. Characteristics of study population. 

S. No Variable Control population N = 10 (100%) Study group N = 10 (100%) P value 

1. 

Gender 

Male 

Female 

 

2 

8 

 

4 

6 

 

0.63 

 

2. Age (IQR) 62.8 ± 6.0 (66 – 57 = 9) 66.1 ± 4.7 (68 – 63 = 5) 0.14 

3. 

Weight Height 

BMI 

 

78.2 ± 12.4 

64.4 ± 6.0 

32.6 ± 3.7 

82.9 ± 14.7 

66.1 ± 8.5 

33.7 ± 5.9 

0.36 

0.25 

0.36 

4. ASA 2.6 ± 0.5 2.7 ± 0.7 0.5 

Demographic characteristics of both groups: Control group received a saline injection whereas the study 
group received 20 ml of Liposomal bupivacaine (Exparel) in the posterior knee compartment. BMI = Body 
Mass Index; ASA = The American Society of Anesthesiologists (ASA) Physical Status classification system. 
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Table 2. Postoperative narcotic use. 

Groups Control population N = 10 Study Population N = 10 P Value 

Oxycodone 8.00 ± 4.22 7.00 ± 3.50 0.57 

Morphine 0.50 ± 1.05 0.50 ± 1.05 0.99 

Hydromorphone 0.20 ± 0.35 0.05 ± 0.16 0.15 

Morphine Equivalent 5.75 ± 3.63 4.31 ± 2.4 0.31 

Narcotic consumption of both groups: (overall narcotic consumption was covert to morphine equivalents’ 
for comparison using a student-t test). Control group received a saline injection whereas the study group 
received 20 ml of Liposomal bupivacaine (Exparel) in the posterior knee compartment. 

 
Pain scores: 
Pain scores for the posterior aspect of the knee were lower at all time points in 

the liposomal bupivacaine group compared to the control group as shown in 
Figure 1. The difference was statistically significant after 8 hrs post op. Interes-
tingly, although not statistically significant, patients in the control group re-
ported lower pain scores in the anterior knee at rest at all time points (Figure 2). 

In the control group, pain scores for the anterior portion of the knee were sig-
nificantly lower compared to posterior knee scores (Figure 3). There was no sta-
tistically significant difference between the anterior and posterior knee pain 
scores within the liposomal bupivacaine group (Figure 4). 

All patients were able to ambulate after TKA without any significant quadri-
ceps weakness or episodes of falls after the surgery. However, it was difficult to 
distinguish between anterior and posterior pain on movement of the knee joint. 
Therefore, data was incomplete and could not be analyzed. 

Narcotic dose requirement: 
Patients in the study group had lower opioid requirement up to 72 hours 

postoperatively. However, there was not a significant difference for the use of 
breakthrough narcotics. The calculated morphine equivalents in the control 
group were 5.75 ± 3.63 (mean ± SD) versus 4.31 ± 2.40 (mean ± SD) in the study 
group, [p = 0.31] (Table 2). 

7. Discussion 

The major drawback of local infiltration anesthesia is their short duration of ac-
tion. Bupivacaine is one of the long acting local infiltration agents with its effect 
lasting 12 hours or less [18]. Extended release liposomal bupivacaine, Exparel 
(Pacira, Parsippany, NJ) is a suspension of multivesicular liposomes which re-
lease bupivacaine over several days prolonging its analgesic effect for over 72 
hours [19].  

In our placebo controlled, double-blinded, randomized controlled trial (RCT), 
Figure 3 shows that, without liposomal bupivacaine (the control group), post-
erior knee pain was significantly higher than the anterior knee pain since ante-
rior knee pain was diminished by the femoral nerve block. Administration of li-
posomal bupivacaine did significantly reduce posterior knee pain significantly as  

https://doi.org/10.4236/ojanes.2017.711039


M. Garg et al. 
 

 

DOI: 10.4236/ojanes.2017.711039 386 Open Journal of Anesthesiology 
 

 
Figure 1. Patient were asked about the posterior knee pain score at 4, 8, 12, 24, 48 and 72 
hrs. Control group received a saline injection whereas the study group received 20 ml of 
Liposomal bupivacaine (Exparel) in the posterior knee compartment. Both groups receive 
a continuous femoral nerve block infusion.  

 

 

Figure 2. Patients were asked about the anterior knee pain score at 4, 8, 12, 24, 48 and 72 
hrs. Control group received a saline injection whereas the study group received 20 ml of 
Liposomal bupivacaine (Exparel) in the posterior knee compartment. Both groups receive 
a continuous femoral nerve block infusion.  
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Figure 3. Patients in the control group were asked about the anterior and posterior knee 
pain scores at 4, 8, 12, 24, 48 and 72 hrs. Patients receive a continuous femoral nerve 
block infusion. ARA = at rest anterior pain; ARP = at rest posterior pain. P < 0.12, P < 
0.016, P < 0.046, P < 0.023. P < 0.043 and P < 0.128 at 4, 8 12, 24, 48, 72 hrs, respectively. 

 

 

Figure 4. Patient in the Exparel group were asked about the anterior and posterior knee 
pain scores at 4, 8, 12, 24, 48 and 72 hrs. Patients also receive a continuous femoral nerve 
block infusion. There was little difference between anterior and posterior pain. ARA = at 
rest anterior pain; ARP = at rest posterior pain. 
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compared to periarticular injection of normal saline (Figure 1). In fact, Figure 4 
shows that when the posterior capsule is injected with liposomal bupivacaine 
and a femoral nerve block was used for anterior knee pain the patients felt little 
difference between anterior and posterior knee pain.  

Interestingly the pain scores on the anterior aspect of the knee were higher in 
the liposomal bupivacaine group compared to the control group (Figure 2). This 
could also be explained by better pain control on posterior aspect of knee in li-
posomal bupivacaine group thus leading to a relatively increased pain perception 
on anterior aspect of knee. Most of the available RCT in the literature have 
drawn comparisons between liposomal bupivacaine and bupivacaine HCl for 
pain control as local analgesic infiltration after TKA [20]-[29]. However, there is 
paucity of data for analgesic efficacy of liposomal bupivacaine in placebo con-
trolled, randomized trial as part of multimodal analgesia. 

The randomized trial from Schroer et al. [20] and Alijanipour et al. [21] 
showed no difference in pain scores between local infiltration of liposomal bu-
pivacaine versus bupivacaine HCl after TKA. In another RCT from Bramlett et 
al. [22] plasma concentrations of bupivacaine in blood samples of patients were 
measured along with pain scores. The results demonstrated statistically signifi-
cant reduction in pain scores with liposomal bupivacaine in their high dosage 
group of 532 mg compared to bupivacaine HCl at a dosage of 150 mg after TKA. 
However, there was no statistical significant difference in pain scores in lipo-
somal bupivacaine with dosages 133 mg, 266 mg and 399 mg compared to bupi-
vacaine HCL group at a dosage of 150 mg. Studies reviewed here support the re-
sults demonstrated in this study showing decreased pain scores in the liposomal 
group. 

In a recent RCT, Collis et al. [23] compared liposomal bupivacaine injection 
with a mixture of ropivacaine, epinephrine, ketorolac and clonidine. Collis et al. 
found similar pain scores in two groups with no difference in the postoperative 
narcotic use between the two groups. In another similar RCT comparing periar-
ticular injection of liposomal bupivacaine to combination of ropivacaine, cloni-
dine, toradol, epinephrine and saline after TKA, Schwarzkopf et al [24] demon-
strated no significant difference in daily postoperative narcotic use between the 
two groups. Bagsby et al. [25] in a retrospective study found contradictory re-
sults to the above two RCT with higher opiate consumption in patients injected 
with liposomal bupivacaine in comparison to periarticular injection mixture 
consisting of ropivacaine, morphine and epinephrine. Schroer et al. [20] demon-
strated similar narcotic requirements in liposomal bupivacaine group compared 
to bupivacaine HCl group in postoperative period after TKA. We found similar 
results in this study with lower narcotic consumption in the liposomal group, 
but the difference did not reach statistical significance.  

There are many strengths of this study. All measures were taken to eliminate 
confounding factors between two groups prior to randomization. Patients on 
chronic opioids were excluded to prevent skewing of results. This is a double 
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blinded study as both patient and investigator were unaware of patient’s actual 
treatment. In other studies where the surgeon is an investigator, double blinding 
is not possible as liposomal bupivacaine has a different consistency than control 
group drugs [28]. In other studies showing superior results with liposomal bu-
pivacaine use, the medication was compared with a femoral nerve block or in-
trathecal morphine. However, in this study, liposomal bupivacaine infiltration 
was used as a part of multimodal analgesia protocol along with a continuous fe-
moral nerve block [29] [30]. Since this is a placebo-controlled trial, it is more 
sensitive to small differences in pain scores between liposomal bupivacaine and 
bupivacaine HCl, specifically in the initial postoperative period. In this study, 
the four surgeons performing periarticular injections agreed on injection tech-
nique for uniformity. To the best of our knowledge, this is only study comparing 
liposomal bupivacaine injection with placebo in a multimodal postoperative 
pain control protocol after TKA. 

The biggest limitation of this study is that it is a single center trial with a small 
sample size. However, an attempt to compensate for the small sample size was 
made by considering significant improvement only if there was a pain score dif-
ference of three. Another shortcoming of the study was inability of the patients 
to differentiate between anterior and posterior pain particularly while moving 
the knee. Since this study, we have learned that the method of infiltration by the 
surgeon makes a difference in the pain relief obtained with liposomal bupiva-
caine. 

8. Conclusion 

Liposomal bupivacaine seems promising for extended duration pain control in 
local infiltration as part of multimodal approach for acute pain after TKA. In 
this study, we demonstrated significant improvement in pain scores without any 
significant differences in opioid requirement for acute postoperative pain con-
trol in liposomal bupivacaine group compared to the placebo group. Larger 
sample size may reveal significant differences in opioid requirements. 
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