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Abstract
Background: Multimodal analgesia following total hip arthroplasty has been shown to improve patient satisfaction,
participation with physical therapy, and allow early return to self care. Liposomal bupivacaine is a formulation of
local anesthetic which has the potential to provide anesthesia for up to 72 hours following administration. The
purpose of this study was to compare the effectiveness of liposomal bupivacaine with bupivacaine following total
hip arthroplasty.
Methods: A retrospective chart review was performed on 28 patients undergoing total hip arthroplasty or hip
resurfacing who received intraoperative administration of liposomal bupivacaine. A control group of 30 patients
who had previously undergone total hip arthroplasty or hip resurfacing and had received intraoperative
administration of bupivacaine also underwent a chart review. Length of stay, post-operative opioid use, and pain
scores were compared for both groups.
Results: The average length of stay in the study group was 1.93 days and the control group length of stay was
2.47 days (p ≤ 0.05). Morphine equivalent use was less in the study group during the first 24 hours compared to the
control group (p ≤0.05). During the second and third 24 hours the morphine equivalent use difference was not
statistically significant. Visual analogue scores were not significantly different between groups at any time point.
Conclusion: Liposomal bupivacaine administration during total hip arthroplasty appears to decrease the need for
opioid use post operatively and decrease length of stay. The results of this study justify the need for a well-designed
randomized controlled trial utilizing liposomal bupivacaine as part of multimodal analgesia during THA.

Background
Multimodal analgesia following total hip arthroplasty
(THA) has been shown to improve patient satisfaction,
participation with physical therapy, and allow early return to self care [1]. Opioid related side effects are dose
dependent, and efforts to minimize opioid consumption
through peripheral nerve blockade, epidural anesthesia,
local anesthetics, and non-opioid medications have been
effective [2-5]. Ideally, following THA, analgesic related
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side effects are minimized to allow early mobilization
and recovery [6].
Epidural and peripheral nerve blockade have been
used as methods to decrease post operative opiate consumption following THA [2,7]. Epidural anesthesia is an
effective method of pain control. However, muscular
blockade can reduce a patient’s ability to participate in
physical therapy, and the need for venous thromboembolism prophylaxis puts patients at risk for epidural
hematoma. Lumbar plexus and femoral nerve blocks
have been used as a single shot and continuous infusion
for postoperative analgesia following THA [2,8]. Continuous lumbar plexus blocks have been shown to be effective in reducing pain scores, opioid consumption, and
side effects [2]. However, trained personal, operating
room delays, and post-operative motor weakness have
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been barriers to routine lumbar plexus block use. The
use of a catheter and potential need for monitoring are
also barriers to outpatient THA.
The use of local anesthetics and local infiltration analgesia has been used following THA with mixed results
[4,5,9,10]. A recent level one study compared local infiltration analgesia to a placebo as part of multimodal analgesia following THA and found no benefit in the
study group [9]. This study was also unable to detect a
difference between patients with continuous postoperative intra-articular infusion of ropivicaine compared to
patients not receiving an infusion. This contrasts with
previous randomized controlled trials investigating infiltration analgesia in the setting of THA, which have
shown a benefit compared to a control group, and when
compared to patients receiving epidural analgesia [4,5].
Liposomal bupivacaine is a formulation of local anesthetic
approved by the FDA in October 2011 for single-dose infiltration in the surgical site for postsurgical analgesia.
Bupivicaine is released from multivesicular liposomes over
a period of time, which may result in local anesthetic action for up to 72 hours. This method of delivery has to the
potential reduce opioid consumption without the need for
a nerve block or catheter placement. To our knowledge,
this method of local anesthetic delivery has not been investigated during THA. The purpose of this study was to
compare the effectiveness of liposomal bupivacaine with
standard bupivacaine following total hip arthroplasty. We
hypothesized that narcotic use and length of stay would be
decreased by the use of liposomal bupivacaine. Pain scores
have historically been relatively low using narcotic pain
control, and therefore were expected to remain unchanged
while the use of narcotics was decreased.
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hip resurfacing through a posterior approach. During
wound closure all patients underwent injection of liposomal bupivacaine or bupivacaine throughout the hip
capsule, external rotators, gluteus medius, gluteus minimus, gluteus maximus, tensor fascia lata, vastus lateralis,
and subcutaneous tissues. Intra-operative analgesia was
used by anesthesiologists and consisted of fentanyl or
hydromorphone as needed for pain control.
Bupivicaine administration

All patients received an intra-operative local anesthetic
injection. The study group received 20 mL (266 mg) of
liposomal bupivacaine mixed with 40 mL of 0.25% bupivacaine with epinephrine. The control group received
60 mL of 0.25% bupivacaine with epinephrine. Care was
taken to avoid the sciatic and femoral nerves during administration. Both liposomal bupivacaine and bupivacaine are considered part of the standard of care in hip
arthroplasty.
Postoperative care

All patients were allowed to discharge from the hospital
when they met discharge criteria. Discharge criteria included adequate pain control utilizing an oral regimen,
tolerating oral intake, and ability to self care. Nurses observed patients postoperatively and administered opioid
medication as needed for comfort. Patients and nurses
utilized ketorolac, hydrocodone, acetaminophen, codeine,
fentanyl, hydromophone, extended release oxycodone, and
oxycodone for pain control. Physical therapy was initiated within 24 hours following surgery to assist with
ambulation.
Outcome measures

Methods
Study design

A retrospective chart review was performed on 28 patients
undergoing total hip arthroplasty or hip resurfacing who
received intraoperative administration of liposomal bupivacaine. A control group of 30 patients who had previously undergone total hip arthroplasty or hip resurfacing
and had received intraoperative administration of bupivacaine also underwent a chart review. The study period was
from November 2012 to May 2013. Patients received a
preoperative analgesic regimen, which typically included
1000 mg of oral acetaminophen, 400 mg of oral celecoxib,
75 mg of oral pregabalin, and 10 mg of oral extended release oxycodone. Exclusion criteria were revision surgery,
previous opioid dependence, and surgical approaches
other than posterior.

Following surgery patients were discharged when they
met criteria. Length of stay was recorded in days for all
patients. Post operative opioid consumption was recorded for all patients in the hospital. Opioids administered were converted to morphine equivalents for all
patients. Opioid use was tabulated as morphine equivalents in the first 24 hours, second 24 hours, and third
24 hours following surgery. Opioid use after 72 hours
was not collected. Patients reported their pain on a visual analog scale (VAS) from 0 to 10, where 0 was considered to be no pain at all and 10 was considered to be
the worst possible pain. Average pain scores were tabulated for the first 24 hours, second 24 hours, and third
24 hours following surgery. Readmissions related to pain
control were recorded.
Statistics

Surgical technique

All surgical procedures were performed by the senior
surgeon (BGD). All patients had total hip arthroplasty or

A chi-squared analysis was used to compare categorical
data between groups such as gender distribution. The
two-tailed, independent t-test was used to assess length
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of stay, morphine use, and visual analogue scores. An
A-priori sample size was calculated for a two-tailed hypothesis utilizing a mean difference in morphine equivalent use of 7 mg with a standard deviation of 8 mg [11]. A
sample size of 34 patients would be needed for a power
(beta) of 0.8 and probability level (alpha) of 0.05. A p-value
of <0.05 was considered significant. Statistical analysis
was done using Microsoft Office Excel 2007 (Redmond,
Washington, USA).
Ethical approval

Institutional Review Board approval from Adventist
Hinsdale Hospital, affiliated with Advocate Healthcare,
was obtained and patient informed consent was obtained
as well. STROBE guidelines for observational studies
were adhered to for this study,

Results
Patient demographics are displayed in Table 1. No significant differences between groups were noted for age
or gender. The study group included 24 THA patients
and 3 hip resurfacing patients, and the control group included 20 THA patients and 10 hip resurfacing patients.
The control group did include more hip resurfacing patients than the study group (p < 0.05). One patient from
the study group was excluded due to previous opioid tolerance, leaving 27 patients for evaluation.
The average length of stay in the study group was
1.93 days and the control group length of stay was
2.47 days (p ≤ 0.05) (Table 2).
The study group and control group morphine equivalent use in the first, second, and third 24 hour intervals
are displayed in Table 2. Morphine equivalent use was
less in the study group during the first 24 hours compared to the control group (p ≤ 0.05) (Figure 1). During
the second and third 24 hours the morphine equivalent
use difference was not statistically significant. Morphine
equivalent use could not be calculated following hospital

Table 2 Study measurements between the study and
control group for length of stay, pain measurements for
the first 72 hours, and morphine equivalents for the first
72 hours
Study

Control

t-test

Average

Count

Average

Count

1.93

27

2.47

30

0.050

Length of stay
Morphine
First 24 hours

24.00

27

53.35

30

0.000

Second 24 hours

41.08

13

64.94

25

0.102

Third 24 hours

39.58

6

48.77

13

0.651

First 24 hours

2.81

27

2.82

30

0.968

Second 24 hours

3.27

12

3.29

25

0.964

Third 24 hours

2.20

7

2.61

13

0.557

Pain scores

discharge. In the study group 13 patients were available
for the second 24 hours, and 6 were available for the
third 24 hours. In the control group 25 patients were
available for the second 24 hours, and 13 were available
for the third 24 hours.
The study group and control group average VAS during
the first, second, and third 24 hour intervals are displayed
in Table 2. VAS was not significantly different between
groups at any time point (Figure 2). VAS could not be calculated following hospital discharge. In the study group 12
patients were available for the second 24 hours, and 7
were available for the third 24 hours. In the control group
25 patients were available for the second 24 hours, and 13
were available for the third 24 hours.
There were no readmissions secondary to pain control
in either group. The one patient excluded from the
study group for history of opioid use was readmitted for
pain control. This patient required more morphine
equivalents during the first 24 hours (1,150 mg) than
the rest of the study group combined.

Table 1 Cohort demographic breakdown for gender, age and surgical mode between patients in the study and control
groups
Demographics
Study

Control

Count/Average

Percentage

Count/Average

Percentage

Male

11

41%

17

57%

Female

16

59%

13

43%

Total

27

Age

30
55.5

P-Value

0.230
55.80

0.899

Surgery type
THR

24

89%

20

67%

Resurfacing

3

11%

10

33%

Total

27

30

0.000
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Figure 1 Morphine equivalent use in milligrams during the first 24 hour period, the second 24 hour period and third 24 hour period
following surgery for the study and control groups.

Discussion
Multimodal analgesia following total hip arthroplasty
(THA) has the potential to improve pain control and limit
opioid related side effects. Recent efforts to use local anesthetics in THA have been limited to peripheral nerve
blockade and local infiltration analgesia [1,5,9,10,12]. Liposomal bupivacaine is a novel method of local anesthetic delivery, and obviates the need for nerve blocks and catheter
placement. In the present study, patients treated with liposomal bupivacaine demonstrated decreased length of stay
and decreased morphine equivalent use during the first
24 hours following total hip arthroplasty, when compared
to a control group treated with standard bupivicaine.
Given the recent approval of liposomal bupivacaine,
there are no similar studies on the use of this delivery
method for THA. The results of this pilot study will be
used to design a randomized controlled trial. Bramlett
et al. investigated the use of a liposomal release bupivacaine during total knee arthroplasty and noted improved

analgesia compared to patients treated with bupivacaine
infiltration alone [13]. The results of the current study
mirror the decreased morphine equivalent use in patients treated with liposomal bupivacaine, although we
did not detect a significant difference in pain scores between groups.
There have been recent reports in the general surgery
literature examining the effect of liposomal bupivacaine
for post operative analgesia [14-16]. To our knowledge
there is one randomized controlled trial involving liposomal bupivacaine in the literature [17]. This study involved
patients undergoing hemorrhoidectomy and compared liposomal bupivacaine to placebo. This trial demonstrated
decreased pain, opioid requirements, delayed time to first
opioid use, and improved patient satisfaction in the study
group. In this study the reduction in pain lasted 72 hours.
The current study differs from this randomized trial in
that the control group in the current study received standard bupivacaine, not a placebo.

Figure 2 VAS average during the first 24 hour period, the second 24 hour period and third 24 hour period following surgery for the
study and control groups.
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The current study is the first description of the use of
liposomal bupivacaine for THA in the literature. It compares a similar group of patients, all of which underwent
a posterior approach for hip arthroplasty by a single surgeon. It also addresses the clinically relevant question –
whether liposomal bupivacaine yields improved results
compared to standard bupivacaine; rather than comparing
liposomal bupivacaine to a placebo or intravenous patient
controlled analgesia. Finally, statistically significant differences were found in length of stay and postoperative narcotic use.
This study has many limitations. The retrospective nature of this study precludes the ability to standardize
preoperative and postoperative multimodal analgesia, select patients, and standardize perioperative care, which
may have led to undetectable bias between groups. However, the groups were homogeneous in that they consisted of only posterior approach hip arthroplasties, all
performed by the same surgeon, thus removing surgeon
technique and surgical approach as confounding variables. Second, there were more hip resurfacings in the
control group. Third, the average age of arthroplasty patients in this study for both groups is 55 years; this represents a slightly younger patient cohort than many
arthroplasty practices. Whether these results can be extrapolated to an older patient population is unknown.

Conclusion
Liposomal bupivacaine administration during total hip
arthroplasty appears to decrease the need for opioid use
post operatively and decrease length of stay requirements.
The results of this study justify the need for a welldesigned randomized controlled trial utilizing liposomal
bupivacaine as part of multimodal analgesia during THA.
Competing interests
Pacira Pharmaceuticals Inc. has provided funding to support the research of this
study. Dr. Benjamin G. Domb is a paid consultant for Pacira Pharmaceuticals Inc.
The authors declare that they have no competing interests.
Authors’ contributions
BGD was involved in conception and design, analysis and interpretation of
data, revision of the manuscript, obtaining funding, and administrative
support. JMR was involved in conception and design, data collection,
analysis and interpretation of data, writing the manuscript, and revision of
the manuscript. KGS was involved in conception and design, data collection,
and revision of the manuscript. CES was involved in conception and design,
data collection, revision of the manuscript, and administrative support.
JEH was involved in conception and design, data collection, and writing
the manuscript. AG was involved in conception and design, analysis and
interpretation of data, and revision of the manuscript. All authors read and
approved the final manuscript.
Acknowledgements
The authors of this study would like to acknowledge Pacira Pharmaceuticals
Inc. for their financial contributions to support the research of this study.
Author details
1
American Hip Institute, 1010 Executive Court Suite 250, Westmont, IL 60559,
USA. 2Loyola University Chicago, Hinsdale Orthopaedics, American Hip

Page 5 of 6

Institute, 1010 Executive Court Suite 250, Westmont, IL 60559, USA. 3Mayo
Clinic Florida, 4500 San Pablo Road, Jacksonville, FL 32224, USA.
Received: 21 April 2014 Accepted: 16 September 2014
Published: 24 September 2014

References
1. Pagnano MW, Hebl J, Horlocker T: Assuring a painless total hip
arthroplasty: a multimodal approach emphasizing peripheral nerve
blocks. J Arthroplasty 2006, 21(4 Suppl 1):80–84.
2. Marino J, Russo J, Kenny M, Herenstein R, Livote E, Chelly JE: Continuous
lumbar plexus block for postoperative pain control after total hip
arthroplasty. A randomized controlled trial. J Bone Joint Surg Am 2009,
91(1):29–37.
3. Mathiesen O, Jacobsen LS, Holm HE, Randall S, Adamiec-Malmstroem L,
Graungaard BK, Holst PE, Hilsted KL, Dahl JB: Pregabalin and dexamethasone for postoperative pain control: a randomized controlled study in
hip arthroplasty. Br J Anaesth 2008, 101(4):535–541.
4. Andersen KV, Pfeiffer-Jensen M, Haraldsted V, Soballe K: Reduced hospital
stay and narcotic consumption, and improved mobilization with local
and intraarticular infiltration after hip arthroplasty: a randomized clinical
trial of an intraarticular technique versus epidural infusion in 80 patients.
Acta Orthop 2007, 78(2):180–186.
5. Andersen LJ, Poulsen T, Krogh B, Nielsen T: Postoperative analgesia in total
hip arthroplasty: a randomized double-blinded, placebo-controlled study
on peroperative and postoperative ropivacaine, ketorolac, and adrenaline
wound infiltration. Acta Orthop 2007, 78(2):187–192.
6. Munin MC, Rudy TE, Glynn NW, Crossett LS, Rubash HE: Early inpatient
rehabilitation after elective hip and knee arthroplasty. JAMA 1998,
279(11):847–852.
7. Singelyn FJ, Gouverneur JM: Postoperative analgesia after total hip
arthroplasty: i.v. PCA with morphine, patient-controlled epidural
analgesia, or continuous “3-in-1” block?: a prospective evaluation by our
acute pain service in more than 1,300 patients. J Clin Anesth 1999,
11(7):550–554.
8. Biboulet P, Morau D, Aubas P, Bringuier-Branchereau S, Capdevila X:
Postoperative analgesia after total-hip arthroplasty: comparison of
intravenous patient-controlled analgesia with morphine and single
injection of femoral nerve or psoas compartment block. A prospective,
randomized, double-blind study. Reg Anesth Pain Med 2004, 29(2):102–109.
9. Solovyova O, Lewis CG, Abrams JH, Grady-Benson J, Joyce ME, Schutzer SF,
Arumugam S, Caminiti S, Sinha SK: Local infiltration analgesia followed by
continuous infusion of local anesthetic solution for total hip arthroplasty:
a prospective, randomized, double-blind, placebo-controlled study.
J Bone Joint Surg Am 2013, 95(21):1935–1941.
10. Andersen LO, Otte KS, Husted H, Gaarn-Larsen L, Kristensen B, Kehlet H:
High-volume infiltration analgesia in bilateral hip arthroplasty.
A randomized, double-blind placebo-controlled trial. Acta Orthop 2011,
82(4):423–426.
11. Stewart DJ, Lambert EW, Stack KM, Pellegrini J, Unger DV, Hood RJ: The
effect of intra-articular methadone on postoperative pain following
anterior cruciate ligament reconstruction. J Bone Joint Surg Am 2005,
87(1):140–144.
12. Specht K, Leonhardt JS, Revald P, Mandoe H, Andresen EB, Brodersen J,
Kreiner S, Kjaersgaard-Andersen P: No evidence of a clinically important
effect of adding local infusion analgesia administrated through a
catheter in pain treatment after total hip arthroplasty. Acta Orthop 2011,
82(3):315–320.
13. Bramlett K, Onel E, Viscusi ER, Jones K: A randomized, double-blind, doseranging study comparing wound infiltration of DepoFoam bupivacaine,
an extended-release liposomal bupivacaine, to bupivacaine HCl for postsurgical analgesia in total knee arthroplasty. Knee 2012, 19(5):530–536.
14. Vogel JD: Liposome bupivacaine (EXPAREL(R)) for extended pain relief in
patients undergoing ileostomy reversal at a single institution with a
fast-track discharge protocol: an IMPROVE phase IV health economics
trial. J Pain Res 2013, 6:605–610.
15. Marcet JE, Nfonsam VN, Larach S: An extended paIn relief trial utilizing the
infiltration of a long-acting multivesicular liPosome foRmulation of
bupiVacaine, EXPAREL (IMPROVE): a phase IV health economic trial in
adult patients undergoing ileostomy reversal. J Pain Res 2013, 6:549–555.

Domb et al. BMC Musculoskeletal Disorders 2014, 15:310
http://www.biomedcentral.com/1471-2474/15/310

Page 6 of 6

16. Cohen SM: Extended pain relief trial utilizing infiltration of exparel((R)), a
long-acting multivesicular liposome formulation of bupivacaine: a phase
IV health economic trial in adult patients undergoing open colectomy.
J Pain Res 2012, 5:567–572.
17. Gorfine SR, Onel E, Patou G, Krivokapic ZV: Bupivacaine extended-release
liposome injection for prolonged postsurgical analgesia in patients
undergoing hemorrhoidectomy: a multicenter, randomized, doubleblind, placebo-controlled trial. Dis Colon Rectum 2011, 54(12):1552–1559.
doi:10.1186/1471-2474-15-310
Cite this article as: Domb et al.: The effect of liposomal bupivacaine
injection during total hip arthroplasty: a controlled cohort study. BMC
Musculoskeletal Disorders 2014 15:310.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

