
Introduction
Total knee arthroplasty (TKA) is one of the most commonly 
performed orthopedic surgeries worldwide, primarily 
recommended for patients with advanced osteoarthritis and 
various degenerative joint conditions. While TKA significantly 
improves joint function and quality of life, it often results in 
considerable post-operative pain. This pain can hinder early 
movement, delay rehabilitation, and negatively impact patient 

satisfaction and overall outcomes [1,2].
Effective pain management following surgery is crucial for 
recovery in TKA. Conventionally, pain relief methods have relied 
heavily on opioid medications. However, the use of opioids can 
lead to adverse side effects, such as nausea, vomiting, sedation, 
constipation, respiratory depression, and even addiction, 
highlighting the need for safer and more effective alternatives 
[3,4].

Author’s Photo Gallery

302

Dr. Yogesh B RathodDr. Arnav P Rathod Dr. Rajendra Baitule

Original Article

Access this article online

Website:
www.jocr.co.in

DOI:
https://doi.org/10.13107/jocr.2025.v15.i10.6242

1Department of Orthopedics, Dr. Panjabrao Deshmukh Memorial Medical College Hospital, Amravati, Maharashtra, India.

Address of Correspondence: 
Dr. Arnav P Rathod, 
Department of Orthopedics, Dr. Panjabrao Deshmukh Memorial Medical College Hospital, Amravati, Maharashtra, India. 
E-mail: rarnav95@yahoo.in

2025 Journal of Orthopaedic Case Reports  Published by Indian Orthopaedic Research Group    |

Dr. Ganesh Pundkar

Journal of Orthopaedic Case Reports 2025 October:15(10):Page 302-306 

1 1 1 1 1Arnav P Rathod , Yogesh B Rathod , Rajendra Baitule , Ganesh Pundkar , Hrishikesh S Saodekar

Introduction: Effective post-operative pain management is crucial for early mobilization and improved outcomes following total knee 
arthroplasty (TKA). Multimodal analgesia (MMA) strategies, such as the adductor canal block (ACB) and local infiltration analgesia (LIA) 
with liposomal bupivacaine, have been developed to enhance pain relief and minimize opioid consumption.
Objectives: The aim of this study was to compare the efficacy of standard MMA alone with MMA in combination with ACB or LIA in patients 
undergoing TKA.
Materials and Methods: A prospective comparative study involving 90 patients undergoing unilateral TKA, who were divided equally into 
three groups: Group A (standard MMA), Group B (MMA + ACB), and Group C (MMA + LIA). Post-operative pain was measured using the 
visual analog scale (VAS) at 6, 12, 24, and 48 h. Secondary outcomes included opioid consumption and the study of adverse effects.
Results: Both ACB and LIA significantly decreased VAS scores compared to standard MMA (P < 0.001). Group C (LIA) showed the lowest 
pain scores, delayed opioid requirements. Opioid consumption and the incidence of side effects were significantly lower in Groups B and C, with 
Group C exhibiting the most favorable profile.
Conclusion: Both ACB and LIA are effective in improving analgesia and reducing opioid use following TKA. LIA with liposomal bupivacaine 
provided the most sustained pain relief supporting its use in enhanced recovery protocols.
Keywords: Total knee arthroplasty, multimodal analgesia, adductor canal block, local infiltration analgesia, post-operative pain.

Abstract

Learning Point of the Article:
Both adductor canal block and local infiltration analgesia significantly decreased VAS scores compared to standard multimodal analgesia. 

Local infiltration analgesia showed the lowest pain scores and delayed opioid requirements.

Comparative Evaluation of Multimodal Analgesia Techniques in Total 
Knee Arthroplasty: A Comparative Study
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In recent years, multimodal analgesia (MMA) has become the 
standard of care. This approach involves employing various 
pharmacological and regional techniques that work together to 
target different pain pathways. The goal is to reduce opioid use 
while still providing adequate pain relief. Among the promising 
methods included in MMA protocols are the adductor canal 
block (ACB) and local infiltration analgesia (LIA), especially 
when utilizing long-acting agents such as liposomal 
bupivacaine. These techniques have demonstrated potential in 
enhancing pain control and facilitating functional recovery 
[5,6].
Despite several available techniques, there remains a need to 
compare the effectiveness of these evolving strategies to find the 
best pain management approach for TKA. Therefore, this study 
aims to compare the analgesic efficacy, opioid-sparing 
potential, and side effects of three different MMA strategies: 
Standard pharmacologic MMA, MMA with ACB, and MMA 
with LIA using liposomal bupivacaine [7,8].
The aim of this study is to evaluate and compare the 
effectiveness of different innovative MMA strategies in 
managing post-operative pain following TKA.

Objectives
The aim of this study was to assess post-operative pain intensity 
using the visual analog scale (VAS) at various time intervals in 
patients receiving:
• Standard MMA
• MMA with ACB
• MMA with local LIA using liposomal bupivacaine.

Materials and Methods

Study design and setting
This prospective comparative study was conducted in the 
department of orthopedics at a tertiary care hospital.

Study population
Patients aged 50–75 years with American Society of 
Anesthesiologists physical status I–III undergoing primary 
unilateral TKA for osteoarthritis under spinal anesthesia were 
included, as unilateral TKAs are more commonly done at our 

institute. Exclusion criteria comprised 
k n o w n  a l l e r g i e s  t o  s t u d y  d r u g s , 
coagulopathy or anticoagulant use, chronic 
opioid dependency, neurological deficits 
in the operative limb, and revision or 
bilateral TKA.

Sample size
A period-based study was conducted for a 
period of 12 months, where all the patients 
fitting in the inclusion criteria were 
enrolled, that is, 90 patients.
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Table 2: Pain assessment by VAS scores

Time 
interval

Group A Group B Group C P-value

Pre-
operative

8.4±2.1 7.9±1.42 8.1±2.12 >0.05

6 h 4.7±1.2 3.1±0.8 2.9±0.7 <0.001

12 h 4.2±1.0 2.7±0.9 2.3±0.6 <0.001

24 h 3.8±0.9 2.0±0.6 1.6±0.5 <0.001

48 h 3.1±0.7 1.4±0.4 1.1±0.3 <0.001

VAS: Visual analog scale

Table 1: Age- and sex-wise distribution of patients

Parameter Group A (MMA) Group B 
(MMA+ACB)

Group C (MMA+LIA) P-value

Mean age (years) 65.4±6.2 64.8±5.9 65.1±6.5 0.88

Males 12 13 14

Females 18 17 16

Male: Female ratio 0.6:1 0.7:1 0.8:1 0.79

MMA: Multimodal analgesia, ACB: Adductor canal block, LIA: Local infiltration analgesia



304

www.jocr.co.in

Sampling method and technique
All 90 eligible patients were enrolled and equally randomized 
into three groups (n = 30 each): Group A (standard MMA), 
Group B (MMA + ACB), and Group C (MMA + LIA) through 
convenience sampling technique.

Methodology
All patients received spinal anesthesia with 0.5% hyperbaric 
bupivacaine, and TKA was performed using a standardized 
technique by anesthetist. Post-operative analgesia protocols 
were as follows:
• Group A (MMA): Paracetamol 1 g intravenous (IV) every 8 h, 
diclofenac 75 mg IV every 12 h, and gabapentin 300 mg orally at 
bedtime.
• Group B (MMA + ACB): MMA plus an ACB with 20 mL of 
0.25% bupivacaine.
• Group C (MMA + LIA): MMA plus LIA with liposomal 
bupivacaine (266 mg in 20 mL saline).
Rescue analgesia (IV morphine) was administered if the VAS 
score was ≥4, with the dose and time recorded.

For group B ultrasound-guided approach was used for ACB
Patient was laid in supine position, thigh slightly externally 
rotated. High-frequency linear ultrasound placed at mid-thigh, 
just below the inguinal crease, to visualize the femoral artery 
within the canal. The femoral artery was identified, surrounded 
medially by the sartorius muscle and laterally by the vastus 
medialis. Under sterile conditions, a needle in-plane from 
lateral to medial was inserted, traversing beneath the sartorius 
muscle. The needle tip was placed adjacent to the femoral artery 
region, using hydro-dissection (small saline injection). 
Aspiration was done to exclude intravascular placement. 20 mL 
of 0.25% bupivacaine isobaric solution was injected.

Outcome measures
• Primary outcome: Post-operative pain intensity was assessed 

using the VAS (0–10 scale) at 6, 12, 24, and 48 h.
• Secondary outcomes included total opioid consumption 
(morphine equivalent dose in mg) within 48 h and incidence of 
adverse effects (nausea, vomiting, and sedation).

Statistical analysis
Data were analyzed using one-way analysis of variance for 
continuous variables (VAS scores, opioid consumption) and 
Chi-square tests for categorical variables (adverse effects). P < 
0.05 was considered statistically significant.

Results
A total of 90 patients were enrolled and randomized into three 
groups (n = 30 each). Baseline demographics, including age 
(mean: 65.4 ± 6.2 years in Group A, 64.8 ± 5.9 in Group B, 65.1 
± 6.5 in Group C; P = 0.88) and sex distribution (male: female 
ratio: 0.6:1 in Group A, 0.7:1 in Group B, 0.8:1 in Group C; P = 
0.79), showed no significant differences across groups (Table 
1).
Preoperatively, no statistical significance in the VAS score was 
seen in three groups. Post-operative pain, assessed through the 
VAS, was significantly lower in Groups B (MMA + ACB) and C 
(MMA + LIA) compared to Group A (MMA) at all-time points 
(P < 0.001). Group C exhibited the lowest VAS scores, with 
means of 2.9 ± 0.7 at 6 h, 2.3 ± 0.6 at 12 h, 1.6 ± 0.5 at 24 h, and 
1.1 ± 0.3 at 48 h, compared to 4.7 ± 1.2, 4.2 ± 1.0, 3.8 ± 0.9, and 
3.1 ± 0.7 in Group A, respectively (Table 2).
In our study, no statistically significant differences with respect 
to age, sex, and other sociodemographic profiles were observed. 
Opioid consumption (morphine equivalent dose) within 48 h 
was highest in Group A (29.5 ± 5.8 mg), followed by Group B 
(18.1 ± 4.3 mg), and lowest in Group C (12.3 ± 3.0 mg; P < 
0.001) (Table 3). Adverse effects were more frequent in Group 
A, with nausea in 8 patients (26.7%), vomiting in 5 (16.7%), 
and sedation in 4 (13.3%), compared to Group C, which had 
nausea in 2 (6.7%), vomiting in 1 (3.3%), and no sedation (P < 
0.05 for all) (Table 4).
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Table 4: Adverse effects

Side effect Group A (%) Group B (%) Group C (%) P-value

Nausea 8 (26.7) 3 (10) 2 (6.7) 0.03

Vomiting 5 (16.7) 2 (6.7) 1 (3.3) 0.04

Sedation 4 (13.3) 1 (3.3) 0 0.02

Table 3: Opioid consumption 
(morphine equivalent dose in mg)

Group Total morphine 
(mg)

P-value

Group A 29.5±5.8 <0.001

Group B 18.1±4.3

Group C 12.3±3.0
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Discussion
In this study, both ACB and LIA using liposomal bupivacaine 
significantly outperformed standard MMA alone in controlling 
post-operative pain, reducing opioid requirements, and 
improving patient satisfaction after TKA. Group C (LIA) 
exhibited the lowest VAS scores (e.g., 1.1 ± 0.3 at 48 h) and 
opioid consumption (12.3 ± 3.0 mg morphine equivalents), 
alongside the fewest side effects (Table 4).
These results align with findings from Koh et al., who reported 
that ACB provides effective analgesia while preserving 
quadriceps motor strength, facilitating early ambulation and 
rehabilitation [9]. Similarly, Jaeger et al., emphasized the 
benefit of ACB over femoral nerve block, noting its selective 
sensory blockade and reduced motor impairment [10].
Regarding LIA, our results support previous evidence from 
Kerr and Kohan, who introduced the concept of local 
infiltration using a mixture of local anesthetics, opioids, and 
anti-inflammatories, showing improved pain scores and faster 
recovery [11]. More recently, Mont et al., conducted a 
multicenter trial demonstrating that LIA with liposomal 
bupivacaine reduced opioid use and pain scores significantly 
reduced as compared to conventional bupivacaine [12].
Opioid consumption was markedly reduced in both ACB and 
LIA groups, with the lowest use in the LIA group. This is 
particularly significant in light of the opioid epidemic, 
reinforcing findings from Gandhi et al., who highlighted the role 
of regional techniques in minimizing opioid-related 
complications [13]. The lower incidence of nausea, vomiting, 
and sedation in our intervention groups further supports a shift 
toward opioid-sparing protocols.
While the reduction in opioid consumption in the ACB and 
LIA groups (18.1 mg and 12.3 mg morphine equivalents, 
respectively, compared to 29.5 mg in the MMA group) is 
promising, opioid use still poses risks such as dependency and 
side effects such as nausea and sedation, as observed in our 

study (Table 4). These findings underscore the need for vigilant 
drug monitoring in the post-operative period. Safer alternatives, 
such as extended-release non-opioid analgesics (e.g., 
acetaminophen or non-steroidal anti-inflammatory drugs) or 
adjuvant therapies such as cryotherapy and transcutaneous 
electrical nerve stimulation, could further reduce opioid 
reliance.

Limitations and future direction
• The sample size of 90 patients, while sufficient for detecting 
significant differences in VAS scores and opioid consumption, 
may limit the generalizability of our findings. Future studies 
with larger cohorts are warranted to confirm these results.
• The assessment period was limited to 48 h post-surgery, which 
may not fully capture the pain trajectory leading up to discharge 
(typically day 3–5). Future studies should extend the 
evaluation period to better assess the impact of these analgesia 
techniques on the entire perioperative recovery phase.

Conclusion
LIA with liposomal bupivacaine and ACB significantly improve 
post-operative pain control and reduce opioid use compared to 
standard MMA in TKA. LIA offers the most sustained relief and 
fewest side effects, supporting its integration into enhanced 
recovery protocols. Future research should focus on larger 
sample sizes, extended assessment periods, and safer opioid-
sparing strategies to optimize outcomes.

Clinical Message

ACB and LIA both markedly enhance pain control compared to 
MMA alone. It preserves motor strength while providing effective 
sensory analgesia. Intra-articular with liposomal bupivacaine 
delivers sustained analgesia and opioid-sparing benefit.
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