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Abstract The authors investigated the clinical value of
intraoperative periarticular multimodal drug injections
(PMDI) in patients on continuous epidural analgesia after
simultaneous bilateral TKAs. In 55 patients scheduled to
undergo simultaneous bilateral TKAs, one knee was ran-
domly assigned to the PMDI group for which intraopera-
tive periarticular injections were administered and the other
knee was assigned to the No-PMDI group for which the
injections were not done. These two groups were compared
for pain level (during the operation night and on postop-
erative days (POD) 1, 4, and 7), functional recovery (ability
to perform straight leg raising on POD 1 and maximum
flexion on POD 7), patient satisfaction (POD 7), and the
incidence of wound complications. The PMDI group
showed a lower pain level during the operation night and
on POD 1 than the No-PMDI group, but no differences in
pain levels were observed between the groups on POD 4 or
7. Furthermore, no significant group differences were
found in terms of functional recovery, patient satisfaction.
No wound complication has been occurred in the PMDI
group. This study demonstrates that PMDI provides addi-
tional pain relief limited to the immediate postoperative
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period but does not improve pain relief after POD 1, patient
satisfaction and functional recovery.

Keywords Total knee arthroplasty -
Periarticular multimodal drug injection

Introduction

Despite improvements in analgesic modalities, a sub-
stantial proportion of TKA patients experience severe
postoperative pain during the early recovery period [15,
24]. Furthermore, anticipated perioperative pain has been
reported to be ranked high among concerns before TKA
[17, 26]. No gold standard pain management protocol has
been established, but the preemptive use of multimodal
options is currently accepted as a principle of contempo-
rary pain management [5, 15, 20, 32]. Recently, periartic-
ular multimodal drug injection (PMDI) has been reported
to provide remarkable pain relief and reduce opioid con-
sumption [3, 13, 15, 18, 19, 23, 25, 27]. However, heter-
ogeneities among studies regarding drug composition,
infiltration techniques, concomitant pain management
protocols, and outcome variables make it difficult to judge
the practical value of PMDI in patients after TKA.
Simultaneous bilateral TKAs are not infrequently pre-
formed, and more efficient pain control protocols may be
necessary assuming that patients after bilateral TKAs
experience more severe pain due to theoretically doubled
surgical trauma [4, 14, 22, 33]. Continuous epidural anal-
gesia using an indwelling epidural catheter following
combined spinal epidural anesthesia can be a good option
for simultaneous bilateral TKAs, because it provides
extended anesthesia for bilateral operation and prolonged
postoperative analgesia [2, 8, 12, 16, 28, 29, 31]. In theory,
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a combination of continuous epidural analgesia that blocks
the transmission of afferent pain impulses at the spinal cord
level and PMDI that blocks pain at surgical trauma sites
can offer additive and synergistic pain relief effect. On the
other hand, if the pain relief by continuous epidural anal-
gesia was enough to obviate the need for additional pain
control measures, there would be no need for the PMDI in
patients received continuous epidural analgesia. However,
no previous study has been conducted to investigate the
clinical value of PMDI in patients on continuous epidural
analgesia after simultaneous bilateral TKA.

Thus, this prospective randomized controlled study was
performed to determine whether PMDI provides additional
pain relief in patients on continuous epidural analgesia
after simultaneous bilateral TKA. It was hypothesized that
patients would experience less pain and faster recovery
(as determined by straight leg raising and maximum flex-
ion) in knees treated with PMDI and would be more
satisfied with PMDI-treated knees.

Materials and methods

After obtaining approval from our institutional review board
(B-0804/056-021), 71 patients scheduled for simultaneous
bilateral TKAs provided informed consent to participate in
this study. The inclusion criteria were a diagnosis of primary
osteoarthritis, a mental ability to provide informed consent
and co-operate. The exclusion criteria applied were failure
of epidural anesthesia, discontinued epidural analgesia
including dislodgement of the epidural catheter and intol-
erance or allergy to any of drugs used in this study. Of the 71
patients enrolled in this study, 5 patients were excluded: 4
because they could not complete questionnaire and 1 for a
diagnosis other than osteoarthritis (rheumatoid arthritis;
Fig. 1). Thus, 66 patients were recruited, and one knee was
randomly assigned to the PMDI group, which received
intraoperative periarticular injections, and the contralateral
knee was assigned to the No-PMDI group, which did not
receive the injections. Randomization was performed using
arandomization table composed of permuted blocks of 4 and
6. The randomization table was created by a statistician who
did not otherwise participate in this study; patients and the
surgeon were unaware of block sizes. The patients and a
clinical investigator (one of the authors), who prospectively
collected all clinical information, were unaware of the ran-
domization details until final data analysis. Eleven of the 66
patients were excluded for various reasons: 9 for epidural
catheter dislodgement and 2 for general anesthesia due to
unsuccessful epidural anesthesia. Consequently, 55 patients
were included in the final analyses. There were 53 female
and 2 male patients. The median age was 69 years ranging
from 54 to 78. The median patient height, weight, and body

Assessed for eligibility
(N=71)
I

Excluded (N=5)
-Not complete questionnaire (4)
-Other diagnosis (1)

Randomized (N = 66)
-PMDI in one knee
-No PMDI in the opposite knee

Excluded (N=11)
-Dislodged epidural catheter (9)
-Failed spinal epidural anesthesia (2)

Included for final analyses (N=55)
-PMDI in one knee (55) vs. No PMDI in the opposite
knee (55)

Fig. 1 Subject screening and enrollment flowchart

mass index (BMI) were 153 cm (range, 140-171) and 67 kg
(range, 49-99), and 29 kg/m? (range, 22-37), respectively.
There were no significant differences in preoperative flexion
contracture and maximum flexion between the two groups
(P > 0.05, Mann—Whitney U test). Final outcome adjudi-
cations were completed in April 2009.

All patients received the same perioperative manage-
ment protocol. Briefly, oral analgesic drugs (Oxycodone
SR 10 mg and Celebrex 200 mg) were administered for
preemptive analgesia on a call basis before surgery.
All patients received combined spinal-epidural anesthesia
(10-15 mg of 0.5% Marcaine (bupivacaine) and 20 pg
fentanyl) by an anesthesiologist. An epidural catheter was
placed at the L3-4 level, and no anesthetic was injected
through the catheter preoperatively. A Foley catheter was
placed after anesthesia and removed on POD 2 or 3. Three
hours after making the skin incision, or when a patient
complained of pain, 10-15 ml of 0.75% ropivacaine was
administrated via the epidural catheter as a bolus. After
surgical procedures were completed, the epidural catheter
was connected to a patient controlled epidural analgesia
pump that was set to provide a continuous infusion of
500 pg fentanyl and 30 ml of 0.5% bupivacaine at a rate of
4 ml/h, with an on-demand bolus infusion of 2 ml with a
20-min lockout period. Ketorolac 30 mg was administered
intravenously every 8 h for 3 days postoperatively. Once
patients resumed oral intake, Celebrex 200 mg was
administered every 12 h throughout the 9-day admission
period and a Hycodone 1 tablet was administered every 6 h
from POD 4-9. An intramuscular injection of ketoprofen
(100 mg) was used as the first-line acute pain rescuer for
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patients complaining of pain, and a subcutaneous injection
of hydromorphone (1 mg) was used for the second line if
pain relief by the ketoprofen injection was insufficient.
Epidural analgesia was typically discontinued on POD 3 or
before if the epidural PCA pump had been emptied. All
patients were given thromboprophylaxis as recommended
by the American Association of Orthopaedic Surgeons’
Clinical Guideline on the prevention of symptomatic
pulmonary embolism [7].

All surgical procedures were performed by a single
surgeon (one of the authors) using a standard medial
patellar arthrotomy technique with a tourniquet, and a
standard postoperative rehabilitation protocol was adopted.
Single posteriorly stabilized prostheses (Genesis II; Smith
and Nephew, Memphis) were implanted in all cases. The
patella was resurfaced in all knees, and cement fixation was
used for all components. A compressive dressing was
applied with an immobilizer during the first 24 h after
surgery. Patients were encouraged to perform quadriceps-
strengthening exercise after they had returned to the ward.
All patients were allowed to walk as tolerated using a
walker or crutches on POD 1. Knees were placed in a
continuous-passive-motion (CPM) machine twice a day
from POD 2 until discharge. All patients were discharged
on POD 9.

Periarticular multimodal drug injections (PMDI)
administration was carried out in an identical manner in
all 55 patients. A 100-ml PMDI cocktail (300 mg of
ropivacaine (40 ml), 10 mg of morphine sulfate (10 ml),
30 mg of ketorolac (troloc; 1 ml), 300 pg of 1: 1,000
epinephrine (0.3 ml), 750 mg of cefuroxime (10 ml), and
normal saline (38.7 ml)) were prepared in two 50-ml
syringes. After prostheses had been fixed with cement,
20 ml of the PMDI cocktail in the first syringe was
injected into the sheath of the medial and lateral collateral
ligaments and posterior capsule before polyethylene insert
insertion. Before joint capsule closure, the remaining
30 ml of the PMDI cocktail was injected into synovium,
capsule, and quadriceps muscle. After joint capsule clo-
sure, 50 ml of the PMDI cocktail in the second syringe
was infiltrated into subcutaneous tissue, the capsule, and
the quadriceps muscle.

A clinical investigator (one of the authors) unaware of
randomization details prospectively collected demographic
data and preoperative clinical details using predesigned
datasheets and entered them into a database. Preoperative
clinical statuses were evaluated using knee motion arcs
(flexion contracture and maximum flexion), American
Knee Society (AKS) knee and function scores [6],
WOMAC scores [1], and SF-36 scores [30]. Flexion con-
tracture and maximum flexion were measured by an
investigator (one of the authors) to the nearest 5° using a
standard clinical goniometer with patients supine.

@ Springer

The primary outcome variables were postoperative pain
levels during the night after surgery and on POD 1, 4,
and 7. Pain levels were estimated by patients assisted by a
clinical investigator (one of the authors) using a visual
analog scale (VAS), which ranged from 0 (no pain) to 10
(worst imaginable pain) scale at a fixed time (5 pm) on
POD 1, 4, and 7. Pain level during the night after surgery
was assessed by asking patients to recall the most severe
pain level experienced when they estimated pain level on
POD 1. In addition, patients were asked to rate pain levels
vs. preoperative expectations by selecting one of four
codes, namely, no pain, less pain than expected, as
expected, and more pain than expected. Pain at rest was
used to evaluate pain levels during the night after surgery
and on POD 1 whereas evaluations conducted on POD 4
and 7 concerned pain at rest, while walking, and during
CPM range of motion exercises.

The secondary outcome variables were functional
recovery, patient satisfaction, the incidence of wound
complications, and drug-related side effects. Functional
recoveries were determined based on abilities to perform
straight leg raising (SLR) on POD 1 and to achieve max-
imum flexion on POD 7. Levels of overall patient satis-
faction were obtained on day of discharge using 4 grades:
enthusiastic, satisfied, non-committed, and disappointed.
The wound complications noted were delayed wound
healing, prolonged wound drainage, and wound infection.
In addition, patients were closely observed postoperatively
for narcotic- and ropivacaine-related side effects. The
narcotic-related side effects noted were nausea, vomiting,
pruritus, urinary retention, and respiratory depression; and
the ropivacaine-related side effects were blurred vision,
hearing problems, peripheral paresthesia, dizziness,
uncontrolled muscle contraction, convulsion, hypotension,
bradycardia, headache, and itching.

Statistical analysis

Statistical analyses were conducted using the SPSS for
Windows statistical package (version 15.0; SPSS, Chicago,
IL), and P values of less than 0.05 were considered
significant. The Kolmogorov—Smirnov test was used to
determine whether measured and calculated parameters
were normally distributed. The Wilcoxon’s signed rank test
was used to compare VAS pain scores, and the paired t test
was used to maximum flexion at POD 7. The Fisher’s exact
test was used to compare categorical variables (pain levels
with reference to preoperative expectations, proportions of
patients able to do SLR, and levels of overall patient sat-
isfaction). In addition, the correlation analyses were carried
out to investigate the confounding effects of patient factors
such as age, weight, height, and BMI.
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To determine whether our sample size had sufficient
statistical power, we performed a priori power analysis
using the two-sided hypothesis test at an alpha level of 0.05
and a power of 80%. Seventy-eight knees (39 in each
group) were required to detect a two VAS difference in
pain level, which we considered clinically significant.
Accordingly, the study sample size (110 knees) had suffi-
cient power to detect the differences described earlier.

Results

Knees in the PMDI group were less painful than knees of
the No-PMDI group during the operation night and during
POD 1, but no significant differences were found between
the two groups after POD 1 (Table 1; Fig. 2). Mean VAS
pain scores during the operation night and on POD 1 were
lower in the PMDI group (3.5 vs. 6.5, P < 0.001 and 4.6
vs. 7.5, P < 0.001, respectively), and more knees in the
PMDI group than in the No-PMDI group had equal to or
less than preoperative pain expectations on POD 1 (60%
vs. 22%, P = 0.003). Interestingly, pain levels during POD
1 were higher than during the first night in both groups,
which means that patients experienced rebound pain irre-
spective of the administration of PMDI (P = 0.229). No
significant group differences in pain levels were observed
on POD 4 and 7 during rest, while walking, and during
CPM sessions, or in terms of pain level differences vs.
preoperative expectations (P > 0.5). In addition, no sig-
nificant correlations were found between pain levels and
patient factors, namely, age, height, weight, and BMI
(correlation coefficients <0.1, P > 0.05 in all correlations).
The two groups had similar functional recoveries and
patient satisfactions, and no clinically detectable drug-
related serious side effects were observed in either group.
More knees in the PMDI group were able to perform SLR
at 24 h after surgery (P = 0.047), but no group differences
were found with respect to maximum flexion and patient
satisfaction on POD 7 (Table 2). No wound complication
was occurred in the PMDI group, but one delayed wound
discharge beyond POD 5 occurred in the No-PMDI group.
The involved knee was successfully treated by wound
debridement on POD 7 without residual problems. A sub-
stantial number of patients in both groups experienced
narcotic-related side effects on POD 1 (Table 3), but no
patient experienced a ropivacaine-related side effect.

Discussion

The most important finding of the present study was PMDI
provides additional pain relief that was limited to the
immediate postoperative period even in patients on

Table 1 Comparisons of pain levels in the PMDI and No-PMDI
groups

Parameter PMDI No-PMDI Significance
(N =55) (N =55 (P value)
Pain score by visual analog scale
Operation night 3.5 (3.0) 6.6 (3.7) <0.001
POD 1
At rest 4.6 (3.1) 7.5 (2.5) <0.001
POD 4
At rest 2.3 (2.6) 2.8 (2.9) 0.450
On walking 3.1 (2.5) 3.7 (2.9) 0.337
During CPM 3.8 (2.9) 4.5 (2.9) 0.284
POD 7
At rest 1.9 (2.1) 2.0 (2.4) 0.963
On walking 3.2 (2.6) 3529 0.569
During CPM 3.3 (2.8) 32 (29 0.898
Pain level with reference to preoperative expectation
POD 1 0.003
No pain 6 (14.0) 2 (4.7)
Less than expected 20 (46.5) 7 (16.3)
As expected 4 .(9.3) 4 (9.3)
More than expected 13 (30.2) 30 (69.7)
POD 4 0.796
No pain 2 (4.8) 2 (4.8)
Less than expected 29 (69.0) 25 (61.0)
As expected 3(7.1) 5(12.2)
More than expected 8 (19.1) 9 (12.0)
POD 7° 0.809
No pain 7 (15.2) 10 (21.7)
Less than expected 23 (50.0) 19 (41.3)
As expected 8 (17.4) 8 (17.4)
More than expected 8 (17.4) 9 (19.6)

Data are presented as means with standard deviations in parentheses
in the visual analog scale, where O point indicates no pain and 10
points worst imaginable pain. POD 1, POD 4, and POD 7 = 1, 4, and
7 days postoperatively, respectively; CPM = continuous passive
motion

* The data of one patient who underwent wound debridement for
delayed wound discharge were not included in this calculation

continuous epidural analgesia after simultaneous bilateral
TKAs. PMDI-treated knees showed less pain, and signifi-
cantly, more knees in the PMDI group were less painful or
only as painful as preoperative expectations on the first
postoperative day. However, no significant differences
were found between the two groups on POD 4 or 7.
No previous study has evaluated the efficacy of the PMDI
and epidural anesthesia combination after TKA. However,
from the standpoint of improving early postoperative pain
control, this study concurs with recent studies in which the
use of PMDI was advocated [3, 15, 19, 27]. On the other
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Table 2 Comparisons of functional recoveries and patient satisfac-
tions in the two study groups

PMDI
(N =55)

Parameters No-PMDI

(N = 55)

Significance
(P value)

Functional recovery

Maximal flexion at
POD 7¢

97.4° (14.6) 97.1° (16.4) 0.919

Ability to SLR at POD 1 15 (35.7) 7 (16.7) 0.047
Patient satisfaction at

POD 7%

Enthusiastic 509.2) 5(9.2) 0973

Satisfied 34 (63.0) 33 (61.1)

Non-committal 15 (27.8) 16 (29.7)

Disappointed 0 (0) 0 (0)

Data are presented as numbers of patients and percentages in paren-
theses, except for further flexion findings on POD 7, which are pre-
sented as means with standard deviations in parentheses

* The data of one patient who underwent wound debridement for
delayed wound discharge were not included in this calculation

hand, the rebound pain observed, whether PMDI was
administered or not, should be considered when designing
postoperative pain control protocols or patient education
programs. Anecdotally, the delayed and unexpected
rebound pain has been observed to increase patient anxiety
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T
PMDI

PI]lDI No—PIMDI
or remarkably increase of the consumption of acute pain
rescue drugs.

This study does not support the hypothesis that the
PMDI improves patient satisfaction, but it does partly
support the hypothesis that the PMDI improves functional
recovery. The ability to SLR on POD 1 tended to be more
frequent in the PMDI group. However, no group differ-
ences were found for maximum flexion and patient satis-
faction on POD 7, indicating that PMDI has little or no
long-term clinical benefit. Furthermore, the finding of no
difference in maximum flexion on POD 7 concurs with
several previous studies, which concluded that PMDI
provides no significant functional improvement [3, 19, 27].

This study arguably confirms the safety of the PMDI
procedure, which has been documented on several occa-
sions [3, 13, 18, 19, 25, 27]. Initially, it was concerned that
wound complications might be increased by the adminis-
trations of PMDI. However, no wound complication
occurred in the PMDI group, and on the contrary, one knee
of the No-PMDI group developed delayed wound dis-
charge beyond POD 5. Due to the low incidence of wound
complications, this study does not have sufficient power to
draw a conclusion about the incidence of wound compli-
cations. However, our finding of no occurrence of wound
complications in the PMDI group may arguably defy our
concerns on increased risks for wound complications by
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Table 3 The incidences of opioid-related side effects

Parameters Number of patients

POD 1
Nausea/vomiting 25 (45.4)
Pruritus 14 (25.5)
Urinary retention® Not applicable
Respiratory depression 0

POD 4
Nausea/vomiting 3(5.5)
Pruritus 3(5.5)
Urinary retention 0 (0)
Respiratory depression 0 ()

Data are presented as numbers of patients that experienced a side
effect or complication with proportions in parentheses

* Not applicable because a Foley catheter was retained on POD 1.
POD 1 and POD 4 = 1 and 4 days postoperatively

PMDI. Furthermore, the incidences of narcotic-related side
effects were similar in the two groups, which agrees with
previous studies [9, 21, 25, 27], and no patient experienced
a ropivacaine-related side effect.

Several study limitations should be noted. First, 96%
(53/55) of this cohort was women. For some unknown
reason, this female dominance is more pronounced in
Korean patients [10, 11]. Furthermore, this cohort had a
mean age of 67.4 years. Thus, this study concerns mainly
elderly female subjects. Because gender, age, and culture
can influence pain perceptions, these cohort-related char-
acteristics should be considered before attempting to
extrapolate our findings to other patient populations.
Second, patients’ knees were randomly assigned to two
treatment groups, and PMDI was not administered into
both knees in any subject. Thus, we consider this study is a
preliminary report. A further study comparing a study
group of both knees treated with PMDI and a control group
of no knees treated with PMDI is required to investigate the
efficacy and safety of PMDI. Third, plasma levels of ropi-
vacaine after infiltration were not been measured. There-
fore, a solid conclusion could not be drawn about the
occurrence of ropivacaine-related side effects. However, in
the present study, no ropivacaine-induced systemic toxicity
was observed. Furthermore, two previous studies reported
that toxic plasma levels were not reached after infiltration
of 400 mg ropivacaine [3, 27], which is a greater dose than
that used in the present study. Finally, the assessment
timings for pain levels during the operation night and at
24 h after surgery might have differed because surgeries
were completed at different times, and the assessments
were performed at a fixed time point. Nevertheless, in view
of the extended analgesic effect of continuous epidural

analgesia, the time points used in this study were believed
to be adequate. Furthermore, pain assessment by a single
investigator in a ward is considered to be more accurate
and reliable than assessments performed by different health
care providers.

This study demonstrates that PMDI provides additional
pain relief in patients on continuous epidural analgesia
after simultaneous bilateral TKAs, but the pain-relieving
effects would last only postoperative 1 day. In addition,
this study found that patient satisfaction and functional
recovery were not improved by PMDI. Therefore, PMDI
should be considered as an effective, but short-term, sup-
plementary component, and not as a substitute for other
modalities incorporated into multimodal analgesic strate-
gies in patients undergoing simultaneous bilateral TKAs.

Conclusion

Periarticular multimodal drug injections (PMDI) provides
additional pain relief in patients on continuous epidural
analgesia, but the additional pain-relieving effects would
be limited to the immediate postoperative period without
functional recovery improvement or patient satisfaction.
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