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ABSTRACT
OBJECTIVE: The purpose of this study is to compare the pain scores, opioid consumption, and range of 
motion of the operated knee after total knee replacement (TKR) in the 10-day follow-up period between a 
traditional opioid-containing pain management protocol and a multimodal opioid-sparing treatment protocol.
METHODS: This prospective, randomized, single-center study included 90 patients (24 men and 66 women; 
mean age 69.7±7.2 years) undergoing TKR for osteoarthritis between October 2019 and October 2020. 
Patients were randomized into 3 cohorts for comparison: traditional opioid-containing pain management 
protocol (n=30), multimodal opioid-sparing pain management protocol (n=30), and traditional opioid-
containing pain management protocol with additional local infi ltration analgesia (LIA). Changes in visual analog 
scale for pain (VAS), range of motion (ROM), and opioid consumption were compared between groups.
RESULTS: A lower mean postoperative VAS score was observed in the opioid-sparing cohort, which 
was statistically signifi cant at all time points compared with the traditional cohorts. Mean total morphine 
consumption was signifi cantly lower in the opioid-sparing cohort (2.7±5.8 MMEs) compared to the traditional 
(14.0±14.8 MMEs) and traditional with LIA cohorts (8.3±9.5 MMEs; p < 0.05). The mean degree of fl exion 
of the operated knee of patients was signifi cantly greater in patients in the opioid-sparing group than in the 
other groups on the postoperative day 3 (opioid-sparing: 87.0±11.2°; traditional: 74.1±11.6°; traditional with 
LIA: 84.7±8.9°; p<0.05), as well as on day 10 (opioid-sparing: 99.3±10.8°; traditional: 87.3±12.4°; traditional 
with LIA: 92.5±9.7°; p<0.05). The rate of adverse events after TKR did not differ between the groups.
CONCLUSION: The results of this study suggest that a multimodal opioid-sparing pain protocol after TKR, 
which includes oral non-opioid medications and periarticular injection with bupivacaine, provides better pain 
relief and early functional gains with fewer rescue opioids compared to traditional opioid-based protocols 
(Tab. 4, Fig. 2, Ref. 22). Text in PDF www.elis.sk
KEY WORDS: total knee replacement, postoperative pain, pain management, opioid-sparing.
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Introduction

Total knee replacement (TKR) is performed in patients with 
end-stage knee osteoarthritis to relieve pain, improve function 
and enhance the quality of life. TKR is associated with signifi cant 
postoperative pain – 60 % of patients experience severe pain and 
30 % experience moderate pain (1). Postoperative pain affects re-
habilitation, patient satisfaction, and overall outcome after TKR.

Currently, there are many different approaches to relieve se-
vere postoperative pain, such as pre-emptive analgesia, epidural 
anesthesia, peripheral nerve blocks, local infi ltration analgesia 
(LIA), opioids and patient-controlled analgesia. Adequate anal-
gesia should reduce pain, opioid consumption and consequently 
opioid-related side effects, improve early mobility, range of motion 
and patient satisfaction (2). Adequate analgesia is a prerequisite 
for enhanced recovery after surgery protocols (3). For this pur-
pose, multimodal analgesia has been introduced in the last decade. 
Multimodal analgesia combines several types of medications that 
act on different targets of the pain pathways. However, the optimal 
protocol of multimodal analgesia needs further investigation (4).
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The aim of this study is to determine an effective and safe 
analgesic protocol after TKR. Pain scores, opioid consumption, 
and range of motion of the operated knee were compared between 
a traditional opioid-containing pain management protocol and a 
multimodal opioid-sparing management protocol during the 10-
day follow-up period after the TKR procedure. We hypothesized 
that a multimodal opioid-sparing protocol provides better pain 
relief and functional outcomes with fewer opiates.

Material and methods

This prospective, randomized, single-center study included 90 
patients (24 men and 66 women; mean age 69.7 ± 7.2 years; range 
52 to 80 years) who underwent unilateral total knee replacement 
at University Hospital of Louis Pasteur in Kosice for primary or 
secondary osteoarthritis between October 2019 and October 2020. 

Inclusion criteria included patients aged 18 to 80 years, with 
body mass index between 18 and 40 kg/m2 and an American So-
ciety of Anesthesiologists functional status of 1 to 3. Exclusion 
criteria included allergy to a drug administered in the study and 
chronic opioid use (daily use of opioids for more than 3 months 
before surgery).

Patients were randomized into 3 cohorts for comparison: (1) 
traditional opioid-containing pain manag  ement protocol (n=30), 
(2) multimodal opioid-sparing pain management protocol (n=30), 
and (3) traditional opioid-containing pain management protocol 
with additional LIA (n=30). Subjects were randomly assigned to 
3 groups with equal sample sizes using online statistical comput-
ing programming (www.graphpad.com/quickcalcs) on the internet 

(5). The diagram CONSORT, illustrating the enrolment of patients, 
is shown in Figure 1.

The study protocol was approved by the local ethics commit-
tee (12/Sep/2019), registration number: 2019/EK/9043). Written 
informed consent was obtained from each patient. The study was 
conducted in accordance with the principles of the Declaration 
of Helsinki.

Anesthetic and analgesic techniques
All TKRs were performed under spinal anesthesia with 3 ml of 

0.5 % levobupivacaine. Local infi ltration analgesia (consisting of 
20 ml 0.5 % levobupivacaine and 60 ml isotonic sodium chloride 
solution) was injected into the deep soft tissue around the knee 
before implantation of the tibial and femoral components and then 
into the fat and subcutaneous tissue before skin closure. A pressure 
dressing was applied from the ankle to the thigh and an ice pack 
was placed around the surgical site.

The traditional opioid-containing pain management protocol 
included: Infusion with metamizole 2 g and tramadol 100 mg 
every 8 hours for 2 postoperative days followed by metamizole 
1000 mg orally every 8 hours. Administration of the medications 
begins after surgery.

As part of the multimodal opioid-sparing pain protocol, pa-
tients received all medications orally: celecoxib 200 mg every 12 
hours, paracetamol 1000 mg every 8 hours, pregabalin (Lyrica) 
75 mg once daily before bedtime. The fi rst administration of the 
drugs was the evening before surgery.

Patient-controlled analgesia was administered with opiates 
(Dolsin 100 mg, Nalpain 10 mg) as a rescue medication. The dose 

Fig. 1. Consolidated standards of reporting trials fl ow diagram describing the grouping and fl ow of patients in the study.
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of Dolsin and Nalpain was recorded and converted to the MMEs 
(morphine milligram equivalents (6)).

Surgical techniques
TKRs were performed by 5 experienced orthopedic surgeons 

who inserted a bicondylar cemented posterior cruciate-retaining 
total knee replacement using the medial parapatellar approach. A 
tourniquet was applied only during cementing.

Data collection
Baseline characteristics of each group were based on mean 

age, male-to-female ratio, body mass index (BMI), perioperative 
risk classifi cation according to the American Society of Anes-
thesiologists (ASA), mean preoperative hemoglobin levels, and 
duration of surgery.

Outcome measures
The pain of the operated knee was assessed and measured each 

morning before the start of the rehabilitation program using the 
Visual Analog Scale for pain (VAS; 0=no pain, 10=worst pain 
imaginable; (7)). This parameter was measured at the following 

time points: 8 hours after surgery (day 0), 
on the fi rst 3 postoperative days (days 1–3) 
and on the tenth day (day 10) after surgery. 

Total mean opiate consumption was re-
corded, which was standardized using mor-
phine milligram equivalents (MMEs) for an 
observation period of 10 days after surgery. 

The degree of fl exion of the operated 
knee was recorded preoperatively and on 
the morning of the 3rd and 10th postopera-
tive day. The patient was asked to actively 
move the operated knee joint, and the angle 
was measured with a goniometer.

In addition, all postoperative compli-
cations and adverse events (nausea, vomiting, urinary retention, 
arterial hypotension, systemic toxicity of drugs) were recorded.

Statistical analysis
Simple sorting scatters analysis was performed to test the 

hypothesis of equality of the mean values of each parameter. 
Normality of distribution for numerical variables was tested us-
ing the Shapiro-Wilk test. Accordingly, categorical variables are 
presented as means with standard deviation (±). Data for com-
parison between groups were tested using one-way test ANOVA 
if the data were normally distributed and Kruskal-Wallis test if 
they were not normally distributed. Statistical signifi cance was 
defi ned with a signifi cance level of p < 0.05. SigmaPlot version 
12.5 (Systat Software, Inc., San Jose, CA, USA) was used for 
statistical analyzes.

Results

There were no statistically signifi cant differences between 
groups in mean age, sex, body mass index, ASA, preoperative 
hemoglobin levels, or duration of surgery (Tab. 1).

Variable Traditional Opioid-sparing Traditional+LIA p 
Patients 30 30 30 NS
Male/female ratio 7:23 8:22 9:21 NS
Mean age (years) 70.1 (±7.2) 69.7 (±6.5) 69.5 (±8.3) NS
Mean BMI (kg/m2) 31.7 (±5.2) 31.0 (±4.3) 30.3 (±4.4) NS
ASA class (I/II/III) 0/15/15 2/14/14 1/14/15 NS
Mean preoperative hemoglobin level (mg/l) 13.3 (±0.9) 13.8 (±0.8) 13.2 (±0.9) NS
Mean duration of operation (min.) 80 (±12.3) 82 (±11.6) 84.3 (±12.2) NS
Traditional – group of patients with traditional opioid-containing pain management; Opioid-sparing 
– group of patients with multimodal opioid-sparing pain management protocol; Traditional + LIA 
– group of patients with traditional opioid-containing pain management with additional local infi l-
tration analgesia; ASA – American Society of Anesthesiologists; NS – Not signifi cant; ± – Standard 
deviation; p value was calculated using the Kruskal–Wallis test

Tab. 1. Summary of demographic data.

 Traditional Opioid-sparing Traditional + LIA
p 

Trad vs Opiod-sparing Trad vs Trad+LIA Opiod-sparing vs Trad + LIA
Preop pain 7.5 (±1.5) 7.3 (±1.4) 7.2 (±1.4) NS NS NS
Postop Pain

Day 0 7.8 (±1.7) 5.2 (±3.2) 7.7 (±2.4) p<0.05 NS p<0.05
Day 1 5.9 (±2.0) 3.2 (±1.8) 5.5 (±1.8) p<0.05 NS p<0.05
Day 2 4.5 (±1.7) 2.2 (±1.3) 4.3 (±1.7) p<0.05 NS p<0.05
Day 3 4.1 (±1.8) 1.7 (±1.4) 3.7 (±1.9) p<0.05 NS p<0.05
Day 10 3.1 (±1.5) 1.1 (±1.1) 2.9 (±1.5) p<0.05 NS p<0.05

NS – Not signifi cant; ± – Standard deviation; p value was calculated using Kruskal-Wallis test

Tab. 2. Visual analogue scale pain severity comparison.

 Traditional Opioid-sparing Traditional + LIA
p 

Trad vs Opiod-sparing Trad vs Trad + LIA Opiod-sparing vs 
Trad + LIA

Mean Postop Pain Days 0-10 4.8 (±1.4) 2.5 (±1.3) 4.5 (±1.5) p<0.05 NS p<0.05
Rate of patients with mild pain (VAS ≤ 3) 23.3% 86.7% 46.7% p<0.05 NS p<0.05
Total morphine consumption (MMEs) 14.0 (±14.8) 2.7 (±5.8) 8.3 (±9.5) p<0.05 NS p<0.05
VAS – Visual analogue scale of pain; MMEs – morphine milligram equivalents; NS – Not signifi cant; ± – Standard deviation; p value was calculated using Kruskal-Wallis test

Tab. 3. Mean visual analogue scale pain severity, rate of patients with mild pain and total opioid consumption (period days 0–10).
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Pain scores
No statistically signifi cant difference in mean preoperative 

VAS score was found between all 3 groups (p=0.84). 
A lower mean postoperative VAS score was observed in the 

opioid-sparing cohort, which was statistically signifi cant com-
pared to the traditional cohorts at all time points (days 0–10). 
There was no signifi cant difference in VAS score between the 
traditional and traditional with LIA groups. Pain scores are shown 
in Tables 2 and 3.

Approximately 87 % of patients in the opioid-sparing protocol 
had a mean of mild postoperative pain (mild pain=VAS 1 to 3), 
which was signifi cantly more than in the traditional (23 %) and 
traditional with LIA cohorts (46 % patients; p<0.05). 

Total morphine consumption
Mean total morphine consumption was signifi cantly lower in 

the opioid-sparing cohort (2.7±5.8 MMEs) than in the traditional 
(14.0±14.8 MMEs) and traditional with LIA cohorts (8.3±9.5 
MMEs; p<0.05) (Fig. 2 and Tab. 3). There was no signifi cant 
difference in morphine-equivalent consumption between the tra-
ditional and traditional with LIA groups, although we noted lower 
morphine consumption in the traditional with LIA cohort. 

The rescue narcotic analgesia was used in 6 (20 %) patients 
in the opioid-sparing protocol, whereas this was the case in 22 
(73 %) patients in the traditional protocol and 17 (57 %) patients 
in the traditional with LIA protocol (p<0.05).

Functional outcomes
There were no differences in preoperative range of motion of 

the affected knee between the 3 groups (p=0.52). 

Range of motion improved in all groups from day 3 to day 
10. However, at postoperative testing, we found that the mean 
degree of fl exion of the operated knee was signifi cantly greater 
in patients in the opioid-sparing group than in the other groups 
on postoperative day 3 (opioid-sparing: 87.0±11.2° ; traditional: 
74.1 ±11.6°; traditional with LIA: 84.7±8.9°; p<0.05), as well as 
on day 10 (opioid-sparing: 99.3±10.8°; traditional: 87.3±12.4°; 
traditional with LIA: 92.5±9.7°; p<0.05. The measurement of 
functional outcome between groups after the TKR procedure can 
be seen in Table 4.

Complications
During the observation period, transient nausea, vomiting or 

a hypotensive event occurred in 2 (7 %) patients on the opioid-
sparing protocol, 3 (10 %) patients on the traditional protocol and 
4 (13 %) patients on the traditional with LIA protocol (p=0.69). 
No signifi cant postoperative complications or symptoms indicative 
of local anesthetic or cyclooxygenase-2 inhibitor system toxicity 
were observed.

Discussion

Optimal analgesia after TKR is essential for reducing postope-
rative complications, and improving patient recovery and satisfac-
tion (8). The inclusion of opioids in pain management protocols 
increases the risk of complications and adverse events, particu-
larly pronounced in elderly osteoarthritic patients (9). This is the 
rationale for the introduction of multimodal, opioid-sparing pain 
protocols after TKR. The results of this prospective randomized 
study demonstrate that a multimodal opioid-sparing protocol after 
TKR can provide better postoperative pain control, greater range of 
motion of the operated knee, and reduce opioid consumption than 
a traditional opioid-containing protocol and a traditional opioid-
containing protocol with LIA added. 

In the present study, statistically signifi cant lower postoperative 
pain score was observed in the opioid-sparing cohort compared 
with the traditional cohorts at each postoperative time point. Previ-
ous studies have reported equivalent pain control after TKR with 
both opioid-sparing and opioid-based pain management protocols 
(9, 10). This discrepancy could be due to differences in surgical 
procedures or pain management protocols. Multimodal analgesia 
includes preoperative, intraoperative, and postoperative analgesic 
regimens that target numerous pain pathways, and aim to maxi-
mize analgesic effi cacy while minimizing adverse side effects. 
Multimodal analgesia was fi rst introduced by Wall in 1988 (11). 
Currently, there are various protocols with different combinations 

Fig. 2. Total rescue opiate consumption (MMEs – morphine milligrams 
equivalents; NS – Not signifi cant; p-value was calculated using the 
Kruskal–Wallis test).

 Traditional Opioid-sparing Traditional + LIA
p 

Trad vs Opiod-sparing Trad vs Trad + LIA Opiod-sparing vs Trad + LIA
Preop ROM 94.2 (±16.1) 99.6 (±20.3) 97.7 (±16.3) NS NS NS
Postop ROM

Day 3 74.1 (±11.6) 87.0 (±11.2) 84.7 (±8.9) p<0.05 p<0.05 NS
Day 10 87.3 (±12.4) 99.3 (±10.8) 92.5 (±9.7) p<0.05 NS NS

ROM – Range of the movement of operated knee; NS – Not signifi cant; ± – Standard deviation; p value was calculated using Kruskal-Wallis test

Tab. 4. Comparison of mean preoperative and postoperative range of motion of the affected knee.
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of different types of drugs, their dosages and routes of administra-
tion, which have different results in terms of effi cacy compared to 
other analgesic protocols. The pain protocol in our study consists 
of pre-emptive analgesia combined with spinal anesthesia and local 
infi ltration analgesia. Pre-emptive analgesia is an anti-nociceptive 
intervention that starts before the surgical procedure, and usually 
combines paracetamol, cyclooxygenase-2 inhibitors, and pregaba-
lin because of their synergistic analgesic effects (2). In our study, 
the same drugs were used, but only in oral dosage form. Local 
infi ltration analgesia has emerged as an alternative postoperative 
analgesic regimen for femoral nerve blockade without affecting 
quadriceps muscle strength (12), adductor canal blockade with 
signifi cantly better postoperative pain control (13) and epidural 
anesthesia with less frequent adverse effects, such as urinary re-
tention, hypotension and motor blockade (14). Nevertheless, there 
is still no consensus on the optimal composition and infi ltration 
technique of LIA. Usually, LIA cocktails consist of levobupiva-
caine or ropivacaine, ketorolac, morphine and adrenaline diluted 
with saline to a total volume of 80 to 150 ml (2). In our study, 
only levopubivacaine diluted in saline was used. Liposomal le-
vobupivacaine, ropivacaine and ketorolac are not approved as 
drugs in our country. In our institute, adrenaline is excluded from 
LIA cocktails because of the lack of benefi ts and possible adverse 
effects of adrenaline in LIA mixtures according to TKR (15, 16). 

The results of the study show that the opioid-sparing pain 
management protocol signifi cantly reduces the consumption of 
opioids for breakthrough pain in the fi rst 10 days after surgery. 
These results are consistent with those of Padila et al. and Post et 
al (9, 17). In the Peters et al. study, signifi cantly lower narcotic 
consumption was found for the opioid-sparing cohort undergoing 
total hip arthroplasty, whereas consumption was similar in patients 
undergoing TKR (18). 

We found that the multimodal opioid-sparing approach mini-
mized overall opioid consumption, but the rate of adverse events 
after TKR did not differ between the two groups. No adverse event 
related to local anesthetic or cyclooxygenase-2 inhibitor toxicity 
was noted. While Peters et al (18) found similar results, Post et 
al (17) and Padila et al (9) reported a reduction in adverse effects 
in opioid-sparing cohorts, including nausea, vomiting, pruritus, 
constipation and dizziness, which can negatively affect patient 
well-being and early postoperative rehabilitation. 

The rehabilitation program is an important component of 
postoperative recovery. Early mobilization after TKR may result 
in better functional outcomes and reduced morbidity (19). It fol-
lows that assessment of range of the motion is important to ensure 
early mobilization after TKR (20). There are many factors, such 
as preoperative ROM, soft tissue status, alignment of the knee, 
muscle strength of the knee, psychological condition, and surgi-
cal procedure, that affect the postoperative ROM (21, 22). These 
aspects were not investigated in this study. One of the most im-
portant factors infl uencing ROM is probably postoperative pain. 
This assumption can be confi rmed by the results of this study. It 
was found that ROM of the subjects in the multimodal opioid-
sparing cohort performed signifi cantly better than the traditional 
cohorts due to better pain control at both measurement time points. 

Limitation
This study has several limitations that may represent potential 

bias. The study was conducted at a single institution, but 5 dif-
ferent orthopedic surgeons were involved in the TKR. Although 
the surgeons underwent standardized training in the proper use of 
LIA, the method of LIA administration may vary, and the effi cacy 
of the periarticular injections is highly dependent on technique. 
Another limitation is that patient-reported pain scores are subjec-
tive and individual characteristics affecting pain perception may 
vary among patients. Finally, this study was limited to inpatient 
pain management. No post-discharge pain analysis was performed.

The strength of this study is its prospective nature with ran-
domization to equal comparison cohorts with similar demographic 
characteristics. In addition, to reduce bias in the analysis of total 
opioid use, we did not include patients with chronic preoperative 
opioid use.

In conclusion, the results of this study suggest that a multi-
modal opioid-sparing pain protocol after TKR that includes oral 
non-opioid medications and periarticular injection with bupiva-
caine, provides better pain relief and early functional improvement 
with a lower number of rescue opioids compared with traditional 
opioid-based protocols. Further investigation with high-quality, 
randomized clinical trials is needed to optimize pain management 
for patients undergoing total knee arthroplasty. 
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