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ABSTRACT
Objectives: To compare periarticular infiltration and intraarticular continuous infusion methods in pain
management following total knee arthroplasty (TKA). 
Methods: Patients who underwent TKA from May 2015 through September 2015 according to their
postoperative pain protocol were compared. The patients who received bupivacaine by periarticular infiltration
(PAI group) and intraarticular infusion (IAI group) were included in the study. Patients also received a treatment
through intravenous patient-controlled analgesia (PCA) device. The frequency of patients’ bolus need and the
tramadol dose used via PCA device, Visual Analogue Scale (VAS) scores and clinical evaluation as active knee
flexion at the postoperative 3th day were obtained from the patient follow - up forms and records. Side effects
related to narcotic analgesic medications were also obtained. 
Results: The study included 90 patients, of whom 46 were in the PAI group (median age, 65.5 years; females,
82.6%) and 44 were in the IAI group (median age: 65.5 years; females, 81.8%). The VAS pain scores assessed
at various postoperative time points and tramadol consumption were usually lower in the IAI group than in
the PAI group. No difference was determined between the groups regarding the 3th-day VAS scores in flexion
and in terms of analgesia-associated side effects. 
Conclusions: Bupivacaine administration by IAI for postoperative pain management following TKA is
associated with lower pain and lower tramadol consumption as compared with bupivacaine administration by
PAI. The groups were comparable in terms of side effects. Accordingly, IAI seems to be an effective and safe
analgesic technique for patients undergoing TKA. 
Keywords: Arthroplasty, replacement, knee, pain, postoperative, infusion pumps, analgesia, patient-controlled

Postoperative pain is one of the important problems
in modern medicine. Severity of pain may some-

times outweigh the success of surgery; in fact, surgery
becomes questionable from the patient’s point of view.
Therefore, postoperative pain management has cur-
rently become one of the critical components of the
patient care [1]. Effective pain management not only

provides patients with comfort and satisfaction but
also enables early mobilization, lower pulmonary and
cardiac complications, reduced risk of deep vein
thrombosis, and faster recovery and thereby results in
decreased cost of care [2]. 
      Total knee arthroplasty (TKA) is one of the most
frequently performed surgical procedure in orthopedic
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surgery and annual number of this procedure is
increasing gradually worldwide due to prolonged life
expectancy [3]. Complaint of pain is frequent after
TKA and causes significant problems concerning both
postoperative rehabilitation and patient comfort [4].
New methods such as peripheral nerve blocks, periar-
ticular injections, intravenous or epidural
patient-controlled analgesia (PCA), and intraarticular
continuous infusion pumps have been implemented to
provide an effective analgesia after TKA [4, 5]. 
      Periarticular infiltration and intraarticular contin-
uous infusion pumps are the locally effective methods
that are frequently preferred for pain management fol-
lowing TKA [6-9]. The present study aimed to
compare these two local effective methods ‘periartic-
ular infiltration and intraarticular continuous infusion
methods’ in pain management following TKA. 

METHODS

      A prospective controlled study was conducted in
patients with severe knee osteoarthritis scheduled for
TKA surgery. Two groups were constituted regarding
the two different post-operative pain management
preference of the two senior surgeons as; periarticular
infiltration (PAI) and intraarticular continuous infu-
sion (IAI). After the approval of the local ethics
committee, consecutive patients who had gonarthrosis
were enrolled in the study. Informed constents of the
patients was obtained from all patients. Patients were
excluded if; the ASA (American Society of Anesthe-
siologists) score was IV or more, patients had
previously diagnosed inflammatory arthritis, patients
had severe knee deformity, there was a previous knee
surgery, patients had an advanced liver or kidney dis-
orders, patients had neuropathic pain, psychiatric
disorders and documented allergy against local anes-
thetics. 
      Spinal anesthesia through administration of 15 mg
hyperbaric bupivacaine (0.5%) at the L2-3 or L3-4
level was performed in all patients routinely by the
same anesthesia team. The patients were placed in the
supine position after anesthesia. The surgical proce-
dure was started when the spinal block reached to the
level of T8-10. Thigh tourniquet was applied for all
patients; however, it was inflated only during bone
cement application. Fixed-bearing, cruciate-retaining

cemented total knee prostheses (Zimmer Warsaw, IL,
USA) were implanted for all patients included in the
study. The native patella was retained in all patients. 
      The patients who had periarticular infiltration
(PAI) as postoperative analgesia assigned as group
PAI and those who had intraarticular infusion (IAI) for
postoperative analgesia assigned as group IAI. In the
PAI group, a 60-mL solution composed of 40 mL of
0.5% bupivacaine and 20 mL of saline was infiltrated
into the posterior capsule and medial and lateral col-
lateral ligaments prior to the implantation and into the
patellar tendon, fascia and subcutaneous tissue along
the incision after the implantation. In the IAI group,
ON-Q elastomeric infusion pumps (I-Flow LLC/Kim-
berly Clark) Hopkins, Flrd, USA) catheter was placed
into the joint along the lateral margin. A solution com-
posed of 200 mL 0.5% bupivacaine and 100 mL saline
was prepared; 40 mL of this solution was infused as
bolus into the joint without deflating the tourniquet.
Infusion pump clamp was opened and infusion con-
tinued for 48 hours at a rate of 5 mL/h. A hemovac
drain was not placed in any of the patients. The tourni-
quets were deflated in all patients after applying a
compressive Jones bandage. The bandages were
removed after 24 hours of surgery and the patients
were allowed assisted walking and to perform active
and passive movements. 
      In addition to the above-mentioned pain manage-
ment methods, the study groups also received a
treatment through intravenous (IV) PCA device; the
treatment was the same for both groups. PCA device
is a patient-controlled device which allows the patient
to receive additional analgesic at a time determined by
him/her and with the maximum dose limited by the
device. Using a PCA device (Abbott Laboratories,
Chicago, IL, USA), a 48-hour IV tramadol infusion
was performed at a rate of 5 mg/h with a bolus dose
of 10 mg and with a lockout time of 20 minutes. The
frequency of patients’ bolus need and the total amount
of tramadol used via PCA device were recorded. For
nausea and vomiting, IV metoclopramide (20 mg) was
administered maximum three times a day. The patient
records were assessed for any sign of side effects
related to narcotic analgesic medications and the find-
ings were recorded. 
      The cost of the pain management methods was
measured as the cost of infusion pump and total used
medications for IAI group and the cost of medications
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used for PAI group. 
      All the patients who underwent surgery were
informed about the horizontal Visual Analogue Scale
(VAS; 0: No pain, 100: Unbearable pain) that was
used for pain assessment. Resting VAS scores were
recorded at 4-hour intervals in the first 24 h after the
surgery and then on the 2nd and 3th days. The patients
were allowed to exercise after the removal of Jones
bandage at the 24th hour; VAS scores during exercise
were recorded at on the 2nd and 3th days.. The patients
were clinically evaluated based on their degree of
active knee flexion on the postoperative 3th day. 

Statistical Analysis 
      Data analysis was performed by the Predictive
Analytics Software (PASW) 18.0 (SPSS Inc.,
Chicago, IL, USA) for Windows program. Descriptive
statistics were expressed as number and percentage for
categorical variables and as mean, standard deviation,
median, and quartiles Q1 (25th percentile) and Q3 (75th

percentile) for numerical variables. Comparison of
two groups for categorical variables was performed
using chi-square analysis, and when chi-square condi-
tion was not met, Fischer’s exact test was performed.
Comparison of two groups for non-normally distrib-
uted numerical variables was performed by
Mann-Whitney U test. The level of statistical signifi-
cance was accepted as p < 0.05.

RESULTS

      A total of 112 consecutive patients, operated on
from May 2015 through September 2015 by two expe-
rienced surgeons were included in the study. 22
patients were excluded from the study for several rea-

sons (6 for having previous knee surgery, 6 for having
ASA score of 4 or more, 1 for having neuropathic
pain, 1 for not co-operating regarding the use of PCA
device, 1 for having chronic liver-kidney disorder, 2
for having early postoperative infection, 4 for tech-
nique problems about the infusion device and 1 for
having psychiatric disorder). Finally there were 90
patients (46 in PAI group and 44 in IAI group) in the
study. The study groups were comparable in terms of
age and gender (Table 1). 
      The VAS scores of the patients are summarized in
Table 2. While the median resting VAS scores at the
4th hour and on the 3th day were significantly lower in
the PAI group (p = 0.001 and p < 0.001, respectively),
the median resting VAS scores were significantly
lower at the 8th, 12th, 16th, 20th and 24th hours in the IAI
group (p < 0.001 at all). The median VAS scores dur-
ing exercise at the 24th hour and on the 3th day were
significantly lower in the IAI group (p < 0.001 and p
< 0.001, respectively). No difference was determined
between the groups in terms of the 3th-day VAS scores
in flexion (p = 0.102). 
      Comparison of the PCA use between the groups
revealed that the median tramadol dose used within 0-
6 hours was lower in the PAI group, whereas the
median total tramadol dose was lower in the IAI group
(Table 3). The cost of pain management protocols
were approximately 265€ for patients in IAI group and
10€ for patients in PAI group. 
      The most common analgesia-associated side
effect was nausea followed by headache and constipa-
tion. The distribution of side effects in the PAI and IAI
groups is demonstrated in Table 4. No significant dif-
ference was observed between the two groups in terms
of the distribution of side effects. 
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DISCUSSION

      Perioperative pain management in patients under-
going TKA remains to be one of the most challenging
issues for both the surgeons and the anesthesiologists.
Reducing pain is the essential component of patient
satisfaction, functional outcomes, and duration of hos-
pital stay [10]. In addition to the changes and
evolutions in the surgical techniques, anesthesia and
analgesia techniques have also evolved over time.
Regional anesthesia techniques have replaced the gen-
eral anesthesia [11]. This also applies to the
postoperative pain management; local implementa-

tions are gradually becoming more popular as the tra-
ditional opioid-based methods are associated with
numerous side effects [12]. Kerr and Kohan [13]
defined local infiltration analgesia (LIA) as a simple,
practical, safe and effective method and stated that it
targets to achieve satisfactory pain management with
little physiological disturbance. Gibbs et al. [14] con-
ducted a review including 29 randomized trials and
concluded that LIA following TKA was successful in
postoperative pain management. It has been reported
that continuous LIA is superior to placebo in relieving
pain but that it might be associated with increased risk
of infection. Nevertheless, continuous LIA has not
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been found to be associated with prolonged surgical
duration or prolonged length of hospital stay [15].
Moreover, LIA results in low hospital cost as com-
pared with the standard analgesia [16]. 
      During local interventions, various agents in dif-
ferent combinations and at different doses are
infiltrated into the periarticular tissue or injected or
infused into the intraarticular space via catheters dur-
ing surgery and/or after surgery [14]. It is not apparent
from which tissue the pain following TKA primarily
arise; additionally, which one of the methods used for
pain management is the most optimal is also contro-
versial. Karlsen et al. [17] conducted a systematic
review to identify the most effective and safe method
for postoperative pain management and included 113
eligible study identified by literature search; they con-
cluded that it was difficult to determine the optimal
therapeutic regimen because of small sample sizes,
heterogeneous study designs, and low quality of evi-
dence.
      The PAI and IAI have been evaluated in clinical
studies. The main finding of this study was the better
pain management of IAI when compared to PAI with
comparable side-effects of the drugs. Although these
protocols are widely questioned in literature individ-
ually, there is not enough knowledge comparing these
techniques in terms of pain management and side
effects. PAI is widely studies by many authors and its
favorable outcomes were reported. Chaumeron et al.
[18] reported the PAI as effective as femoral nerve

block and Kerr and Kohan [13] reported the reduced
need for morphine with PAI. Mullaji et al. [19] studied
the effectiveness of PAI in patients with bilateral TKA
and demonstrated that patient felt less pain in their PAI
side. Yuenyongviwat et al. [20] conducted a placebo-
controlled study and administered bupivacaine by the
PAI for postoperative pain control in patients under-
going TKA and demonstrated the decrease in
morphine consumption in PAI group. The use of
intraarticular agents for postoperative pain manage-
ment has also been evaluated before. Browne et al.
[21] reported lower pain and narcotic consumption in
the patients receiving intraarticular bupivacaine injec-
tion than in those receiving placebo (saline), following
capsule closure during TKA; however, they reported
that the difference did not reach a statistical signifi-
cance. Kazak et al. [22] reported that intraarticular
bupivacaine administration was associated with better
postoperative analgesia, lower tramadol consumption,
and shorter hospital stay as compared with placebo
administration. However there are limited studies
aimed to compare these two protocols in patients
undergoing TKA surgery. Perret et al. [23] compared
the outcomes of PAI and IAI methods in patients
undergoing TKA and reported no difference between
groups regardin postoperative opioid consumption. As
compared with the intraarticular group, the VAS
scores on the postoperative 1st day and during hospital
discharge were reported to be lower and the duration
of hospital stay was reported to be longer in the peri-
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articular group. Based on these results, Perret et al.
[23] concluded that none of the methods was superior
to another. But contrary to Perret et al. [23], this study
demonstrated the better pain control of IAI day after
surgery. Although PAI patients had better pain control
at first hours of surgery which was probably caused
from the higher amount of bupivacaine in the bolus
doses, the IAI was superior for pain control when the
postoperative days were considered. In addition,
although patients in IAI groups received more bupi-
vacaine through 3 days, the side effects of the groups
were comparable.
      Bupivacaine, with its proven efficacy, is one of the
agents used frequently as a part of multimodal pain
management in TKA [24]. In the present study, we
also used bupivacaine for pain management following
TKA and compared PAI and IAI methods. In the pres-
ent study, the VAS pain scores assessed at various
postoperative time points were usually lower in the
IAI group than in the PAI group. The total amount of
tramadol consumption was also lower in the IAI
group. No difference was determined between the two
groups in terms of analgesia-associated side effects.
It has been reported that demographic characteristics
such as age and gender are effective in postoperative
pain following knee surgeries [25]. In the present
study, the groups were comparable in terms of age and
gender. This eliminated the effects of demographic
characteristics on study outcomes. In the present
study, surgical procedures were performed by two
surgical teams which graduated from the same insti-
tution and performs the TKA in a very similar way on
the other hand the same anesthesia team was on duty
in all patients, which was also an advantage for mak-
ing accurate evaluations. It has been reported that
perioperative anesthesia and analgesia are effective
also on the outcomes after one month of surgery [26]. 

Limitations 
      Lack of assessment of the long-term outcomes can
be considered as a limitation of the present study.

CONCLUSION

      In conclusion, bupivacaine administration by IAI
for postoperative pain management following TKA is
associated with lower pain and lower tramadol con-

sumption as compared with bupivacaine administra-
tion by PAI. The groups were comparable in terms of
side effects. Accordingly, IAI seems to be an effective
and safe technique.
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