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Abstract

Background—The use of mulitmodal pain regimens have been shown to be an effective
technique for the treatment of post-operative pain after total knee arthroplasty. Periarticular
injections, of both short and long acting anesthetics, have emerged as an additional method of
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providing significant improvement in post-operative pain relief. The purpose of this study was to
compare the efficacy of periarticular injection using long-acting versus short-acting preparations.

Methods—A randomized prospective study of 80 consecutive patients was performed comparing
liposomal bupivacaine versus plain bupivacaine periarticular injection. The primary outcomes
included pain relief, total narcotic usage, and completion of physical therapy goals, specifically
range-of-motion.

Results—No significant improvements were noted between liposomal bupivacaine and plain
bupivacaine injection groups in overall pain reduction, range of motion or total narcotic usage. At
24 hours, small statistically significant differences in physical therapy pain scores were noted with
liposomal bupivacaine versus plain bupivacaine and control patients, but these differences did not
persist at later time points. Both preparations demonstrated statistically significant improvements
in range of motion when compared to historical controls, but no differences were noted between
preparations.

Conclusion—Overall, minimal significant differences were noted between liposomal
bupivacaine and plain bupivacaine at early and late time points. Both preparations of periarticular
injection demonstrated superiority over control pain regimens, but were relatively equivalent to
one another in direct comparison
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Introduction

Analgesia is a critical post-operative component of total knee arthroplasty (TKA).
Multimodal pain regimens have emerged as an effective way to treat the various causes of
surgical pain and allow patients early return to activity and satisfactory levels of comfort.
Poor control of post-operative pain and high opioid requirements can delay patient
mobilization and physical therapy, prolonging hospital stay, and ultimately decrease patient
satisfaction and outcomes [1-3]. The numerous side-effects and complications of opioids, a
mainstay of conventional TKA pain management, are well documented [4]. Periarticular
injections for the treatment of surgical pain have gained widespread traction as an adjunct to
oral and intravenous pain regimens, with the goal of providing improved pain control while
decreasing the administration of systemic analgesics [5,6]. A variety of periarticular
injection ‘cocktails’ have been described, and may include local anesthetics, nonsteroidal
antiinflammatory drugs, steroids, or other locally active agents [7].

The local anesthetics bupivacaine or ropivacaine are an important component of TKA
periarticular injection. A new slow-release formulation of liposomal bupivacaine has been
introduced with the potential to improve clinical efficacy of periarticular injections.
However, clinical studies have demonstrated mixed efficacy. There have been a series of
studies suggesting this slow-release formulation of bupivacaine may be superior to standard
periarticular injections [8,9]. In addition, studies have demonstrated pain control with
liposomal bupivacaine to be equivalent to that provided by intrathecal morphine or femoral
nerve block (FNB), with less systemic side effects [9-11].These latter FNB comparison
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studies document improved early ambulation, higher percentage of physical therapy
milestones met, decreased opitate consumption and decreased hospital length of stay with
liposomal bupivacaine preparation [10-12]. Other studies have demonstrated equivalent or
inferior pain control with long-acting liposomal bupivacaine preparations as compared to
short actining bupivacaine [13-16].

The conclusions drawn from early comparison studies have been unclear and difficult to
apply in clinical practice. Limitations of these studies include retrospective design and
comparisons between liposomal bupivacaine periarticular injection to a multiomodal pain
regimen cocktail that contains numerous active agents. In addition, they had limited patient
reported outcome measures. More recent prospective studies have compared periarticular
injection with liposomal bupivacaine to intra-articular bupivacaine infusion (ON-Q*) and
liposomal bupivacaine versus normal bupivacaine as part of a larger periarticular injection
cocktail. In these studies, no significant differences were noted in narcotic consumption,
VAS pain score, or hospital length of stay [17-19]. Though these studies evaluate secondary
“functional’ outcomes, these studies lack the necessary combination of pain control and
objective functional outcome (i.e. knee range of motion, total distance walked, etc.).

The goal of the study was to prospectively compare liposomal bupivacaine to traditional
bupivacaine at multiple time points and patient reported outcomes. These endpoints include
pain scores, pain medicine usage, and post-operative range of motion. We hypothesized that
long-acting, liposomal bupivacaine would provide better pain relief and achieve increased
progress with physical therapy when compared to traditional bupivacaine preparations and
historical control patients.

Materials and Methods

This prospective, randomized, blinded, institutional review board-approved study enrolled
eighty (n = 80) consecutive patients that met inclusion criteria as set forth by the
experimental protocol. Inclusion criteria included cemented primary total knee arthroplasty,
ability to receive regional anesthetic with intrathecal morphine injection, ability to
participate in the institution’s multimodal pain pathway, and no history of prior chronic
opioid abuse or withdrawal. Multimodal pain pathway, as defined by our institution,
consisted of pre-operative oral dosing of acetaminophen, pregabalin, celecoxib, spinal
administration of bupivacaine and morphine and post-operative dosing of oral narcotic,
celecoxib, pregabalin. At time of enrollment, the participants were randomized to receive a
periarticular injection with either plain bupivacaine (PB) or liposomal bupivacaine (LB).
Both patients and staff (nhursing and physical therapy) were blinded between the periarticular
injection groups. 2 patients were excluded from the LB group secondary to further surgical
intervention during the hospitalization (periprosthetic fracture and acute wound dehiscence).
In retrospective fashion, 40 consecutive patients that met all the inclusion criteria prior to the
intitiation of the study served as a historical control. No pre-study power analysis was
performed. This was a trial study where a set number of forty (n = 40) vials of 20 cc
liposomal bupivacaine were made available by the health system.
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Patients were screened and selected based upon the aforementioned inclusion criteria and
were provided written and oral explanations of the goals of study prior to obtaining informed
consent. All surgical procedures were performed by two fellowship trained orthopaedic
surgeons. Patients received appropriate medication as set forth by the institutional pre-
operative multimodal pain pathway prior to initiation of intrathecal medication and surgery.
Once in the operating room, 20cc of either 0.5% plain bupivicaine or liposomal bupivacaine
was mixed with 70cc normal saline and divided among three 30cc syringes based upon the
selected randomized group. This accounted for the manufacturer instructions, which called
for 1 vial (20cc) of liposomal bupivacaine to be diluted into 70cc normal saline for a total
volume of 90cc. The plain bupivacaine was diluted in the same fashion so that identical
volumes were injected in the operating room. After completion of bone preparation, 30cc of
the periarticular injection was infiltrated into posterior capsule (avoiding the midline) and
the periosteum of the femur and tibia. After cementation of implants, 30cc of the
periarticular injection was infiltrated along the arthrotomy including the quadriceps and
patellar tendon. The last 20cc was injected throughout the subcutaneous layer. A 21 gauge
needle was used for the injection and multiple small injections of the solution was performed
at each of the afformentioned sites. We followed the manufacturer’s suggested protocol for
injection.

Patients experienced routine care as part of the institutional post-operative multimodal pain
and rehabilitation pathways, including the afformentioned post-operative pain regimen and
day of surgery mobilization with daily continuous passive motion (CPM).

Data collected in the perioperative period included demographic(s); age, sex, BMI, ASA
physical status score. Pain scores, narcotic usage, and completion of physical therapy goals
including objective reporting of range of motion were recorded as primary outcomes. All
data was reported using summary statistics including means and standard deviations for
quantitative data, and frequencies and percentages for qualitative data. P-values for Age and
BMI were obtained using F-tests. P-values for ASA and LOS were obtained using Kruskall-
Wallis tests. P-values for Surgeon, Gender and D/C disposition were obtained using Fisher’s
Exact test. Pain medication usage, PT pain scores, and ROM were analyzed using a linear
mixed-effects model controlling for effects of gender and surgeon. Pairwise comparisons
between groups were made using t-tests produced by the model fits. P-values were adjusted
using a Bonferroni correction to account for multiple comparisons. A simple linear
regression model was used to investigate differences in total medication used. Time to first
narcotic was analyzed using Wilcoxon Rank Sum tests, and p-values were adjusted for
multiple comparisons using a Bonferroni correction.

There were a total of 40 patients in the plain bupivicaine group that received periarticular
injection with plain bupivacaine, 38 patients in the liposomal bupivacaine group that
received periarticular injection with liposomal bupivacaine, and 40 historical controls that
received no periarticular injection but were enrolled in the institutional pre- and post-
operative pain pathway. There were no statistical differences between age, BMI, ASA status,
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but a statistically significant imbalance in gender was noted (Table 1). Further multivariable
analysis demonstrated this gender imbalance did not alter results.

Post-operative physical therapy pain scores and objective measure pain scores were obtained
at 24 and 48 hr timepoints, and objective measurements of flexion/extension were recorded
on postoperative day 1 and at time of discharge. A statistically significant decrease in pain
score during PT was noted during the first 24 hours in comparison of liposomal bupivacaine
group to controls and liposomal bupivacaine to plain bupivacaine, but this was not observed
at later time points (Table 2). In terms of motion, a statistically significant improvement in
early motion was noted for both periarticular injection groups as compared to control.
Periarticular injection demonstrated an improvement in post-operative flexion, 82.7 deg
(LB) and 80.0 deg (PB) compared to 66.4 deg (controls) on post-operative day 1. These
differences were not observed at later time points, and there was no statistically significant
difference in direct comparison between liposomal and plain bupivacaine groups (Table 3).

Pain control was assessed by observing total morphine equivalent dosage (MED) between
groups (Figure 1). Average morphine equivalent dose required by patients at time points 0—
24 hr, 24-48, hr and 48-72 hr and average total morphine equivalent dose were recorded and
comparison tests were performed. The only statistically significant difference noted was in
the comparison between liposomal bupivacaine and historical control patients at the 0-24 hr
(early) time point. This significant difference was not observed at later time points. There
were no differences observed between the liposomal bupivacaine and plain bupivicaine
group in any of the measures of total pain medication administered. In terms of total
morphine equivalent dose used within the hospitalization, no significant differences were
noted.

Discussion

Periarticular injections for the treatment of surgical pain have gained widespread traction as
an adjunct to oral and intravenous pain regimens, with the goal of providing improved pain
control while decreasing the administration of systemic analgesics [5,6]. In our prospective,
randomized study, periarticular injection, whether liposomal bupivacaine or plain
bupivicaine, resulted in decreased pain and improved functional performance in early
physical therapy as compared to the control group. We could not clinically differentiate any
meaningful difference in pain or functional outcomes between the liposomal bupivacaine or
plain bupivicaine group. Despite this lack of significance, interesting differences were seen
in both pain medication use and physical therapy achievements across all groups (no
periarticular injection, traditional periarticular injection, etc.)

Post-operative pain is a critical component of a successful arthroplasty. Poor control of post-
operative pain and high opioid requirements can delay patient mobilization and physical
therapy, prolonging hospital stay, and ultimately decrease patient satisfaction and outcomes
[1-3]. In this study, our data demonstrated decreases in pain medication used at early post-
operative time points with the use of periarticular injection. This effect was statistically
significant for liposomal bupivacaine and as compared to the control group at up to 24 hrs
postoperatively but the effects after that point were equivocal. Though plain bupivicaine did
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not demonstrate statistical significance (p = 0.06), large, clinically significant decreases in
pain medication consumption were observed within this group compared to control group,
These findings are comparable to other findings in the current literature. Surdam et al. and
Yu et al. demonstrated decreased opiate consumption with liposomal bupivacaine compared
to femoral nerve block [10,11]. In our study, average pain medicine administed was
decreased in the early time point for liposomal bupivacaine and plain bupivicaine groups,
showing an early decrease in post-operative pain and requirement for opiate. Though these
results were noted in multiple time points by Barrington et al., the effect of liposomal
bupivacaine and plain bupivicaine was only realized in the early time point when compared
to control groups. Additionally, there was no statistically significant difference between the
liposomal bupivacaine and plain bupivicaine groups.

Adequate post-operative pain control and avoidance of opiate-driven systemic side effects
allows for earlier mobilization and more effective physical therapy. Improved early
ambulation and a higher percentage of physical therapy milestones met has been
demonstrated in the literature with liposomal bupivacaine periarticular injection [10-12]. In
our study, we hypothesized that liposomal bupivacaine would demonstrate significant
improvements in objective knee range of motion values when compared to plain bupivacaine
and control groups. Likewise, these earlier improvements in therapy milestones would allow
for persistent, improved motion at discharge. The data revealed that statistically significant
improvements were noted in both pain scores during physical therapy and objective ROM at
early time point (0-24 hr) in liposomal bupivacaine versus controls (p < 0.05). Statistically
significant improvements in pain control with plain bupivicaine versus controls at early time
point were also observed. In addition, the improvements seen at early time points did not
persist in comparison to non-periarticular injection control subjects at later time points and
discharge. This decrease in early PT pain and improved flexion noted with liposomal
bupivacaine and plain bupivicaine compared to control supports the notion of improved
motion in the early post-operative period with periarticular injection, but the effect does not
appear to be resilient in comparison to non-periarticular injection groups.

A cost comparison between the two different periarticular injections demonstrated a cost of
$2.28 for 20 cc vial of 0.5% plain bupivacaine versus $285.00 for a 20 cc vial of liposomal
bupivacaine, minus the cost of 70 cc of normal saline that was added to both substances for
dilution. This amounts to an added cost of $282.72 for liposomal bupivacaine in comparison
to plain bupivacaine. This is an important consideration in an era of value-based orthopaedic
care that accounts for both outcome and cost. From the results of our study, the added cost of
liposomal bupivacaine does not improve the quality of care provided in post-operative pain
management.

The collection of objective physical therapy measurements are a strength of our study. A
significant improvement is noted in the early post-operative motion for both liposomal
bupivacaine and plain bupivacaine periarticular injection. This highlights an inherent
strength of periarticular injection in the post-operative pain regimen; local anesthesia aimed
directly at the soft tissue locations about the knee can allow patients to achieve greater
motion at earlier time points. This suggests that periarticular injections significantly increase
objective physical therapy flexion in early time points. Liposomal bupivacaine was observed
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to be more effective in reducing pain during the first 24 hours. However, this effect was not
seen at later time points. This is interesting, as the theorized advantage of liposomal
bupivacaine is a prolonged release and analgesic effect due to a slower, more controlled
release of active medication.

There were limitations in our study deisgn. First, the use of a historical control group did not
allow all groups to be prospective. This was necessary to allow the liposomal bupivacaine
and plain bupivicaine groups to be completely blinded. Adding a group that receieved no
injection into the prospective arm would have introduced bias. The decision to use of 40
consecutive patients that all underwent surgical intervention prior to the initiation of the
study was aimed at eliminating or limiting any aspect of bias. Second, there were no pre-
study power analyses or sample size calculations performed prior to execution of the study.
However, it is important to note that a total of forty (n = 40) vials of 20 cc liposomal
bupivacaine were made available to our study group by health system, and subsequent study
size was determined based on this limit. In addition, no post-hoc power analyses were
performed based on results of the study to avoid the introduction of biased results. Finally,
an unexpected but statistically significant heterogeneity was identified in patient
demographics related to male versus female gender (p < 0.05). Multivariate analysis
demonstrated the gender was not a statistical significant variable that predicted differences in
pain scores or functional outcomes.

In TKA, multimodal pain management that includes either liposomal bupivacaine or plain
bupivicaine periarticular injection as compared to no periarticular injection results in better
pain control as measured by patient reported outcome scores and functional assements. In
our study, patients who received liposomal bupivacaine had better pain experience at 24 hrs
postoperatively in terms of total morphine equivalent dosage and pain score during physical
therapy when compared to non-PA control subjects. This benefit was not observed at later
time points nor was it statistically different than the plain bupivicaine preparation group.
Statistically significant improvements in early post-operative flexion were observed with the
use of periarticular injection, whether liposomal bupivacaine or plain bupivacaine, compared
to historical controls, but no statistically significant differences were observed between
periarticular injection group in terms of objective physical therapy outcome. These findings
continue to document the success of periarticular injection in the treatment of post-operative
pain in TKA, and does not support any clinical difference between long-acting liposomal
and standard bupivacaine in periarticular injection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Average Pain Medication Used
Average Morphine Equivalent Dose (MED). A significant difference in average morphine

equivalent dose (MED) required at early time point (0—24 hr) was noted in comparison of
control subjects and the LB group, but this difference did not persist at later time points
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