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Abstract:  
Background: Total knee replacement is associated with considerable postoperative pain that can interfere with 
early mobilization and rehabilitation. Epidural opioids provide effective analgesia, but their comparative 
analgesic profiles may differ. 
Methods: This prospective comparative study was conducted at Vencer Hospital, Pune, from 1 August 2025 to 
31 July 2026 among 60 patients undergoing elective total knee replacement. Patients were divided into Group T 
receiving epidural tramadol (n=30) and Group F receiving epidural fentanyl (n=30). Postoperative VAS scores, 
onset and duration of analgesia, time to first rescue analgesia, rescue analgesic requirement and adverse effects 
were compared. 
Results: Baseline characteristics were comparable between the groups. The onset of analgesia was significantly 
faster with fentanyl (7.2 ± 2.1 vs 12.8 ± 3.4 min; p<0.001), with significantly lower VAS scores at 2 and 4 
hours. Tramadol provided a significantly longer duration of analgesia (10.6 ± 2.3 vs 7.8 ± 1.9 h; p<0.001) and 
longer time to first rescue analgesia (11.2 ± 2.5 vs 8.3 ± 2.0 h; p<0.001). Rescue analgesia was required in 
40.0% of the tramadol group compared with 66.7% of the fentanyl group (p=0.038). Adverse effects were 
comparable between groups. 
Conclusion: Epidural fentanyl provided faster and superior early postoperative analgesia, whereas epidural 
tramadol produced longer-lasting analgesia and reduced rescue analgesic requirements after total knee 
replacement. Both agents demonstrated acceptable safety profiles. 
DOI: 10.25258/ijpqa.17.9.35 
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the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access 
Initiative (http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, 
provided original work is properly credited. 

Introduction 

Total knee replacement (TKR) is commonly 
associated with moderate to severe postoperative 
pain, particularly during the first 24–48 hours. 
Inadequately controlled pain can delay 
mobilization, interfere with physiotherapy, prolong 
hospitalization, and adversely affect early 
functional recovery.  

Effective postoperative analgesia is therefore an 
essential component of perioperative management 
following TKR [1]. A multimodal approach 
incorporating systemic analgesics and regional 

techniques is currently recommended to improve 
pain relief while minimizing opioid-related adverse 
effects [2]. Although peripheral nerve blocks and 
local infiltration techniques are increasingly used, 
epidural analgesia remains an effective option for 
providing sustained analgesia after major lower-
limb surgery [3]. 

Opioids administered through the epidural route 
provide effective analgesia by acting on spinal 
opioid receptors. Tramadol is a centrally acting 
analgesic with weak µ-opioid receptor agonism and 
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inhibition of serotonin and noradrenaline reuptake. 
Epidural tramadol has demonstrated satisfactory 
postoperative analgesia following lower-limb 
orthopaedic procedures, with a relatively low 
incidence of respiratory depression [4]. 
Comparative studies have also evaluated tramadol 
and fentanyl as epidural adjuvants and 
demonstrated differences in analgesic 
characteristics and adverse-effect profiles [5]. 

Fentanyl is a potent, highly lipophilic µ-opioid 
receptor agonist characterized by rapid onset of 
analgesia. Epidural fentanyl has been successfully 
used following TKR and can provide effective 
postoperative pain control when combined with 
local anaesthetic agents [6]. Further studies of 
epidural fentanyl-based regimens in TKR have 
demonstrated satisfactory analgesia and reduced 
postoperative pain scores [7].  

Although both epidural tramadol and fentanyl have 
been used for postoperative analgesia, direct 
comparative evidence evaluating their analgesic 
onset, duration, rescue analgesic requirements and 
adverse-effect profiles specifically in patients 
undergoing total knee replacement remains limited. 
Therefore, the present study was undertaken to 
compare the postoperative analgesic efficacy and 
safety profiles of epidural tramadol and fentanyl 
following total knee replacement. 

Materials and Methods 

Study Design and Setting: This prospective 
comparative study was conducted at Vencer 
Hospital, Pune, from 1 August 2025 to 31 July 
2026. A total of 60 patients undergoing elective 
total knee replacement were enrolled and divided 
into two groups of 30 patients each. 

Ethical Considerations: The study was conducted 
after obtaining approval from the Institutional 
Ethics Committee of Vencer Hospital, Pune. 
Written informed consent was obtained from all 
participants before enrolment. 

Study Population: Adult patients undergoing 
elective primary TKR under neuraxial anaesthesia 
with postoperative epidural analgesia were 
considered for inclusion. Patients with 
contraindications to epidural analgesia, known 
hypersensitivity to tramadol or fentanyl, chronic 
opioid use, significant neurological or psychiatric 
illness affecting pain assessment, severe hepatic or 
renal dysfunction, coagulation abnormalities, 
infection at the epidural insertion site, or inability 
to understand the pain scoring system were 
excluded. 

Study Groups: The 60 eligible patients were 
allocated into two equal groups: 

• Group T (n=30): received epidural tramadol 
for postoperative analgesia. 

• Group F (n=30): received epidural fentanyl 
for postoperative analgesia. 

Group T received tramadol 1 mg/kg epidurally, 
while Group F received fentanyl 1 µg/kg 
epidurally. In both groups, the study drug was 
diluted with 0.9% normal saline to a total volume 
of 10 mL and administered as a single epidural 
bolus. Other perioperative analgesic medications 
were kept uniform in both groups as far as possible 
to minimize confounding. 

Procedure: Pre-anaesthetic evaluation included 
demographic characteristics, medical history, 
physical examination, relevant laboratory 
investigations, and assessment of ASA physical 
status. Patients were familiarized with the Visual 
Analogue Scale (VAS) for postoperative pain 
assessment, where 0 represented no pain and 10 
represented the worst imaginable pain. 

Standard monitoring, including 
electrocardiography, non-invasive blood pressure 
and peripheral oxygen saturation, was instituted in 
the operating room. An epidural catheter was 
placed using standard aseptic precautions. Total 
knee replacement was performed according to a 
standardized institutional surgical and anaesthetic 
protocol. After completion of surgery and once the 
patient had been transferred to the postoperative 
recovery area, the assigned study drug was 
administered through the epidural catheter as a 
single 10-mL bolus. Onset of analgesia was defined 
as the time from epidural study-drug administration 
until the VAS score decreased to <4. Duration of 
effective analgesia was defined as the interval from 
onset of effective analgesia (VAS <4) until the 
VAS reached ≥4 or rescue analgesia was requested, 
whichever occurred first. Pain intensity was 
assessed using the 0–10 Visual Analogue Scale 
(VAS) immediately before epidural study-drug 
administration (0 hour) and at 2, 4, 6, 12 and 24 
hours thereafter. A VAS score <4 was considered 
acceptable pain control. The onset of analgesia, 
duration of effective analgesia, time to first rescue 
analgesic and total rescue analgesic requirement 
during the first 24 hours were recorded. 
Haemodynamic variables, including heart rate and 
blood pressure, were monitored at corresponding 
intervals. 

Patients were observed for adverse effects 
including nausea, vomiting, pruritus, sedation, 
dizziness, urinary retention, hypotension and 
respiratory depression. Rescue analgesia was 
administered when the VAS score was ≥4 or earlier 
if requested by the patient because of inadequate 
pain relief. The time from epidural study-drug 
administration to the first rescue analgesic was 
documented, and all rescue doses administered 
during the first 24 postoperative hours were 
recorded. 
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Outcome Measures: The primary outcomes were 
duration of effective analgesia and postoperative 
pain intensity assessed using VAS. Secondary 
outcomes included time to first rescue analgesia, 
total rescue analgesic consumption during 24 
hours, haemodynamic changes and incidence of 
drug-related adverse effects. 

Statistical Analysis: Data were entered into 
Microsoft Excel and analysed using appropriate 
statistical software. Continuous variables were 
expressed as mean ± standard deviation and 
categorical variables as frequency and percentage.  

Continuous variables between the two groups were 
compared using the independent-samples t-test or 
Mann–Whitney U test according to data 
distribution. Repeated postoperative pain 
measurements were analysed using repeated-

measures analysis where appropriate. Categorical 
variables were compared using the Chi-square test 
or Fisher's exact test. A p-value <0.05 was 
considered statistically significant. 

Results 

A total of 60 patients undergoing total knee 
replacement were included, with 30 patients each in 
the epidural tramadol group (Group T) and epidural 
fentanyl group (Group F).  

Both groups were comparable with respect to age, 
sex, BMI and ASA physical status (p>0.05).  

Epidural fentanyl produced a faster onset of 
analgesia and lower early postoperative VAS 
scores, whereas epidural tramadol provided a 
significantly longer duration of analgesia and 
delayed the requirement for rescue analgesics. 

Table 1: Baseline characteristics of the study groups 
Parameter Group T: Tramadol (n=30) Group F: Fentanyl (n=30) p-value 
Age (years), mean ± SD 64.3 ± 6.8 63.7 ± 7.1 0.740 
Gender  Male, n (%) 13 (43.3) 14 (46.7) 0.795 

Female, n (%) 17 (56.7) 16 (53.3) 
BMI (kg/m²), mean ± SD 27.2 ± 3.1 27.6 ± 3.3 0.630 
ASA Grade ASA I, n (%) 8 (26.7) 7 (23.3) 0.766 

ASA II, n (%) 22 (73.3) 23 (76.7) 
Duration of surgery (min), mean ± SD 104.8 ± 15.7 102.6 ± 14.9 0.580 

No statistically significant differences were observed in the measured baseline demographic and perioperative 
characteristics between the two groups. 

Table 2: Comparison of postoperative pain scores and analgesic outcomes 
Outcome Group T: Tramadol (n=30) Group F: Fentanyl (n=30) p-value 
Onset of analgesia (min) 12.8 ± 3.4 7.2 ± 2.1 <0.001 
VAS at 2 h 2.1 ± 0.8 1.6 ± 0.7 0.012 
VAS at 4 h 2.3 ± 0.9 1.8 ± 0.8 0.027 
VAS at 6 h 2.5 ± 0.9 2.3 ± 0.8 0.366 
VAS at 12 h 3.0 ± 1.0 3.4 ± 1.1 0.147 
VAS at 24 h 3.1 ± 1.0 3.3 ± 1.1 0.463 
Duration of effective analgesia (h) 10.6 ± 2.3 7.8 ± 1.9 <0.001 
Time to first rescue analgesia (h) 11.2 ± 2.5 8.3 ± 2.0 <0.001 
Rescue analgesia required, n (%) 12 (40.0) 20 (66.7) 0.038 
Total rescue analgesic doses/24 h 0.7 ± 0.6 1.2 ± 0.8 0.008 

Fentanyl demonstrated a significantly faster onset and lower VAS scores during the early postoperative period at 
2 and 4 hours. However, tramadol produced a significantly longer duration of effective analgesia (10.6 ± 2.3 vs 
7.8 ± 1.9 hours; p<0.001) and prolonged the time to first rescue analgesic. Rescue analgesia was required in 
40.0% of patients receiving tramadol compared with 66.7% receiving fentanyl (p=0.038). 

Table 3: Comparison of adverse effects between the study groups 
Adverse effect Group T: Tramadol (n=30), n (%) Group F: Fentanyl (n=30), n (%) p-value 
Nausea 5 (16.7) 2 (6.7) 0.424 
Vomiting 3 (10.0) 1 (3.3) 0.612 
Pruritus 1 (3.3) 5 (16.7) 0.195 
Sedation 2 (6.7) 4 (13.3) 0.671 
Hypotension 1 (3.3) 2 (6.7) 1.000 
Respiratory depression 0 (0.0) 1 (3.3) 1.000 
Urinary retention 2 (6.7) 3 (10.0) 1.000 
Any adverse effect 9 (30.0) 12 (40.0) 0.417 
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Nausea and vomiting were numerically more 
frequent with tramadol, whereas pruritus and 
sedation occurred more often with fentanyl; 
however, these differences were not statistically 
significant. No serious adverse event requiring 
prolonged intervention was observed. One patient 
in the fentanyl group developed transient 
respiratory depression and responded to appropriate 
monitoring and management. 

Discussion 

Effective pain control following total knee 
replacement is important for early mobilization, 
physiotherapy and functional recovery. In the 
present study, both epidural tramadol and fentanyl 
provided satisfactory postoperative analgesia, 
although their analgesic profiles differed. Fentanyl 
produced a significantly faster onset and lower 
VAS scores during the early postoperative period, 
whereas tramadol provided a longer duration of 
effective analgesia and reduced the subsequent 
requirement for rescue analgesics. The role of 
epidural analgesia after TKR has been extensively 
evaluated. Gerrard et al. [8] reported that epidural 
analgesia provides effective pain control after total 
knee replacement, although peripheral nerve blocks 
may offer advantages in terms of certain adverse 
effects. These findings support the effectiveness of 
neuraxial analgesia while emphasizing the need to 
balance analgesic efficacy with tolerability. 

The prolonged analgesic effect observed with 
tramadol in the present study is consistent with its 
pharmacological characteristics. Earlier clinical 
evaluation of epidural tramadol demonstrated 
effective and sustained postoperative pain relief 
[9]. Tramadol differs from conventional pure 
opioid agonists through its combined weak µ-
opioid activity and inhibition of monoamine 
reuptake, which may contribute to its prolonged 
analgesic action. Evidence from TKA patients 
receiving systemic tramadol-containing regimens 
has also demonstrated its usefulness as a 
component of postoperative multimodal analgesia 
[10].  

Modern postoperative pain management following 
TKR increasingly incorporates regional and 
multimodal techniques. Continuous regional 
analgesic techniques can provide prolonged pain 
control and reduce systemic opioid requirements 
[11]. Similarly, periarticular multimodal drug 
infiltration and peripheral nerve blocks have 
demonstrated effective postoperative analgesia 
following TKA [12]. These developments are 
important because analgesic strategies should 
facilitate early rehabilitation while minimizing 
opioid-related adverse effects. Recent evidence 
continues to support individualized multimodal 
analgesia following knee arthroplasty. Comparative 
evaluation of different postoperative analgesic 

techniques has demonstrated that effective regional 
approaches can reduce pain and support 
postoperative recovery [13]. Furthermore, newer 
peripheral nerve-targeted techniques aim to provide 
analgesia while preserving motor function and 
facilitating early rehabilitation [14]. In the present 
study, nausea and vomiting occurred somewhat 
more frequently with tramadol, whereas pruritus 
and sedation were numerically more frequent with 
fentanyl; however, the differences were not 
statistically significant. Overall, both epidural 
drugs had acceptable safety profiles.  

Limitations of study: This study has few 
limitations. The sample size was relatively small 
and the study was conducted at a single centre, 
which may limit the generalizability of the 
findings. The study evaluated analgesic outcomes 
only during the immediate postoperative period and 
did not assess longer-term functional recovery or 
patient satisfaction. In addition, details of the 
standardized multimodal analgesic regimen and the 
allocation method should be clearly defined to 
minimize potential confounding. 

Future Recommendations: Future studies should 
include larger, multicentre, adequately powered 
randomized trials comparing standardized epidural 
tramadol and fentanyl regimens. Further research 
should also evaluate functional recovery, time to 
mobilization, physiotherapy outcomes, patient 
satisfaction, opioid-related adverse effects and 
length of hospital stay in addition to postoperative 
pain scores and rescue analgesic requirements. 

Conclusion 

Both epidural tramadol and fentanyl provided 
effective postoperative analgesia following total 
knee replacement. Fentanyl produced a faster onset 
and better early pain control, whereas tramadol 
provided a longer duration of analgesia with 
delayed and reduced rescue analgesic requirement. 
Adverse effects were comparable between the 
groups. Thus, the two agents demonstrated 
different analgesic profiles that may guide selection 
according to postoperative analgesic requirements. 

References  

1. Pop AM, Hirschmann MT. Pharmacologic 
pain management strategies for reducing post-
operative pain in total knee arthroplasty: a sys-
tematic review from molecular mechanisms to 
clinical efficiency. Arch Orthop Trauma Surg. 
2025;145(1):432. doi: 10.1007/s00402-025-
06049-7.  

2. Li JW, Ma YS, Xiao LK. Postoperative pain 
management in total knee arthroplasty. Orthop 
Surg. 2019;11(5):755-761. doi: 10.1111/os.12 
535. 

3. Lavand'homme PM, Kehlet H, Rawal N, Joshi 
GP; PROSPECT Working Group of the Euro-



 

International Journal of Pharmaceutical Quality Assurance                   e-ISSN: 0975-9506, p-ISSN: 2961-6093 

Pharande et al.                                                                           International Journal of Pharmaceutical Quality Assurance 

231 

pean Society of Regional Anaesthesia and Pain 
Therapy. Pain management after total knee ar-
throplasty: PROcedure SPEcific Postoperative 
Pain ManagemenT recommendations. Eur J 
Anaesthesiol. 2022;39(9):743-757. doi: 10.109 
7/EJA.0000000000001691.  

4. Sharma TH, Vasudeva V, Patil K, Chauhan D. 
An observational study to compare epidural 
tramadol and epidural fentanyl for postopera-
tive analgesia in lower limb orthopaedic re-
placement surgeries. Indian J Forensic Med 
Toxicol. 2021;15(3):557-566. doi: 10.37506/ijf 
mt.v15i3.15363.  

5. Shukla U, Singh D, Singh J, Yadav JBS. Com-
parative study of epidural dexmedetomidine, 
fentanyl, and tramadol as adjuvant to levobu-
pivacaine for lower limb orthopedic surgeries. 
Cureus. 2022;14(5):e25225. doi: 10.7759/cure 
us.25225.  

6. Khanna A, Saxena R, Dutta A, Ganguly N, 
Sood J. Comparison of ropivacaine with and 
without fentanyl vs bupivacaine with fentanyl 
for postoperative epidural analgesia in bilateral 
total knee replacement surgery. J Clin Anesth. 
2017;37:7-13. doi: 10.1016/j.jclinane.2016.08. 
020.  

7. Panwar S, Govind PS, Duarah PJ, Mahajan 
HK, Korde SA. Comparative evaluation of 
ropivacaine and fentanyl versus ropivacaine 
and fentanyl with clonidine for postoperative 
epidural analgesia in total knee replacement 
surgery. J Clin Diagn Res. 2017;11(9):UC09-
UC12. doi: 10.7860/JCDR/2017/25401.10615.  

8. Gerrard AD, Brooks B, Asaad P, Hajibandeh 
S, Hajibandeh S. Meta-analysis of epidural an-
algesia versus peripheral nerve blockade after 
total knee joint replacement. Eur J Orthop Surg 
Traumatol. 2017;27(1):61-72. doi: 10.1007/s0 
0590-016-1846-z.  

9. Delilkan AE, Vijayan R. Epidural tramadol for 
postoperative pain relief. Anaesthesia. 

1993;48(4):328-331. doi: 10.1111/j.1365-204 
4.1993.tb06955.x.  

10. Mochizuki T, Yano K, Ikari K, Hiroshima R, 
Takaoka H, Kawakami K, et al. Tramadol hy-
drochloride/acetaminophen combination ver-
sus non-steroidal anti-inflammatory drug for 
the treatment of perioperative pain after total 
knee arthroplasty: a prospective, randomized, 
open-label clinical trial. J Orthop Sci. 
2016;21(5):625-629. doi: 10.1016/j.jos.2016. 
07.011.  

11. Ma HH, Chou TFA, Tsai SW, Chen CF, Wu 
PK, Chen WM. The efficacy of continuous 
versus single-injection adductor canal block in 
total knee arthroplasty: a systematic review 
and meta-analysis. BMC Musculoskelet Dis-
ord. 2020;21(1):351. doi: 10.1186/s12891-020-
3148-1. 

12. Wang C, Cai XZ, Yan SG. Comparison of 
periarticular multimodal drug injection and 
femoral nerve block for postoperative pain 
management in total knee arthroplasty: a sys-
tematic review and meta-analysis. J Arthro-
plasty. 2015;30(7):1281-1286. doi: 10.1016/j. 
arth.2015.02.005. 

13. Mester B, Ohmann T, Seelmann C, Terschluse 
A, Güthoff C, Gerach C, et al. Postoperative 
analgesia in total knee arthroplasty for post-
traumatic arthritis: a randomised controlled tri-
al comparing patient-controlled intravenous 
analgesia, continuous femoral/sciatic nerve 
block and continuous local infiltration analge-
sia. J Exp Orthop. 2025;12:e70599. doi: 10.10 
02/jeo2.70599.  

14. Diwu W, Tang W, Yan M, et al. Efficacy of 
peripheral cutaneous nerve on postoperative 
pain and functional outcome after total knee 
arthroplasty: a single-blind, randomized con-
trolled clinical trial. BMC Anesthesiol. 
2025;25:322. doi: 10.1186/s12871-025-03182-
z.

 


