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ABSTRACT

Background: Total hip arthroplasty (THA) is one of the most successful
orthopedic procedures for relieving pain and restoring function in patients with
advanced hip disorders. However, postoperative pain remains a major concern
affecting rehabilitation, early ambulation, hospital stay, and patient satisfaction.
Transdermal analgesic patches have emerged as an alternative strategy for
sustained postoperative pain control with fewer systemic adverse effects.

Aim: To compare the safety and efficacy of transdermal buprenorphine patch and
transdermal ketoprofen patch with conventional analgesics in postoperative pain
management following total hip arthroplasty.

Methodology: This prospective comparative study was conducted at Shri Ram
Murti Smarak Institute of Medical Sciences, Bareilly over a period of 18 months.
A total of 96 patients undergoing primary unilateral total hip arthroplasty were
enrolled and divided equally into three groups of 32 each. Group A received
transdermal buprenorphine patch, Group B received transdermal ketoprofen patch,
and Group C received conventional paracetamol regimen. Pain intensity was
assessed using Numeric Rating Scale (NRS) at serial postoperative intervals.
Rescue analgesic requirement, adverse drug events, duration of hospital stay,
patient acceptability, and satisfaction were recorded and compared.

Results: Pain scores were significantly lower in the transdermal buprenorphine
group throughout the postoperative period, with consistently lower NRS scores
from postoperative day 2 to postoperative day 5 compared with ketoprofen and
conventional analgesic groups (p<0.001). Rescue analgesia was required in 12.5%
patients in Group A, 21.9% in Group B, and 56.3% in Group C. Adverse drug
events occurred in 28.1%, 37.5%, and 53.1% patients respectively. Mean hospital
stay was shortest in the ketoprofen group (5.9 + 1.3 days) and longest in the
conventional group (7.2 £ 1.7 days).

Conclusion: Transdermal buprenorphine and ketoprofen patches were effective
and safe alternatives to conventional analgesics after THA. Buprenorphine showed
superior analgesic efficacy with reduced rescue analgesic requirement and
improved postoperative recovery.

Keywords: Total Hip Arthroplasty; Transdermal Buprenorphine; Transdermal
Ketoprofen; Postoperative Pain; Analgesia.

Total hip arthroplasty (THA) is widely regarded as one of the most successful procedures in modern orthopedics and has
significantly improved the management of painful and disabling hip disorders. It offers reliable pain relief, restoration of
joint function, improved mobility, and better quality of life in patients with advanced osteoarthritis, avascular necrosis of
the femoral head, fracture neck of femur, inflammatory arthritis, and other degenerative hip conditions (1). Over the past
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few decades, the number of total hip arthroplasties performed worldwide has steadily increased because of longer life
expectancy, increasing prevalence of osteoarthritis, improved implant survival, and broader surgical indications (2,3).
Learmonth et al. famously described total hip replacement as “the operation of the century” because of its outstanding
long-term success and patient outcomes (1).

Despite excellent surgical outcomes, postoperative pain remains a major challenge after total hip arthroplasty. Pain during
the immediate postoperative period can interfere with early mobilization, delay rehabilitation, prolong hospital stay, reduce
patient satisfaction, and negatively affect recovery (4,5). If not adequately controlled, postoperative pain may also
contribute to complications such as sleep disturbance, delayed physiotherapy participation, thromboembolic events,
pulmonary complications, and prolonged functional limitation. Effective pain control is therefore a crucial part of
perioperative management following THA (4).

Traditionally, postoperative pain after THA has been managed using multimodal analgesic regimens consisting of
paracetamol, non-steroidal anti-inflammatory drugs (NSAIDs), opioids, and regional anesthesia techniques. While these
approaches are effective, they are often associated with side effects and practical limitations. Opioids may cause nausea,
vomiting, sedation, constipation, dizziness, respiratory depression, and delayed recovery, whereas NSAIDs may be
associated with gastrointestinal irritation, renal dysfunction, and cardiovascular adverse effects in susceptible individuals
(6,7). Repeated oral or intravenous administration may also produce fluctuating drug levels and inconsistent pain control.
These limitations have encouraged the search for safer and more convenient analgesic alternatives.

Transdermal drug delivery systems have emerged as a useful option in postoperative pain management because they allow
continuous absorption of medication through the skin with sustained plasma drug concentration over a prolonged duration
(8,9). This route bypasses gastrointestinal absorption and first-pass metabolism, improves patient compliance, avoids
repeated injections, and provides prolonged analgesia with minimal fluctuation in drug levels. Transdermal delivery is
therefore increasingly being explored in orthopedic postoperative pain protocols.

Buprenorphine is a partial p-opioid receptor agonist with potent analgesic activity and long duration of action. Its
transdermal formulation has shown promising results in acute and postoperative pain because of stable drug release,
prolonged effect, and relatively favorable safety profile (10,11). It is associated with effective pain control and lower risk
of respiratory depression compared with conventional opioid therapy. Similarly, ketoprofen is a non-steroidal anti-
inflammatory drug with analgesic and anti-inflammatory properties. In transdermal patch form, it provides continuous local
and systemic analgesic effect with improved tolerability and minimal gastrointestinal exposure (12). Previous studies have
reported good clinical response with ketoprofen patches in musculoskeletal and postoperative pain conditions.

Recent literature increasingly supports multimodal and opioid-sparing approaches for postoperative pain management in
total joint arthroplasty (13,14). However, evidence directly comparing transdermal buprenorphine patch and transdermal
ketoprofen patch with conventional analgesics in patients undergoing total hip arthroplasty remains limited. Comparative
evaluation of these treatment modalities is important in order to determine the most effective and practical analgesic
strategy in the postoperative period.

Therefore, the present study was conducted to assess the safety and efficacy of transdermal buprenorphine patch and
transdermal ketoprofen patch compared with conventional analgesic therapy in patients undergoing primary unilateral total
hip arthroplasty. Pain scores, rescue analgesic requirement, adverse effects, postoperative recovery, and patient satisfaction
were evaluated. The findings of this study may help optimize postoperative pain management strategies and improve early
functional recovery following total hip arthroplasty (15).

AIM AND OBJECTIVES

Aim

To compare the safety and efficacy of transdermal buprenorphine patch and transdermal ketoprofen patch with
conventional analgesics in postoperative pain management following primary unilateral total hip arthroplasty.

Objectives

Primary Objective

To compare serial postoperative pain intensity using Numeric Rating Scale (NRS) among patients receiving transdermal
buprenorphine patch, transdermal ketoprofen patch, and conventional analgesics following total hip arthroplasty.

Secondary Objectives

To compare rescue analgesic requirement among study groups. To assess frequency and pattern of adverse drug events. To
evaluate time to mobilization and postoperative recovery parameters including duration of hospital stay. To assess patient
acceptability, satisfaction, and overall tolerability of the prescribed analgesic modality.
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METHODOLOGY

MATERIAL AND METHODS

This prospective comparative study was conducted in the Department of Orthopaedics at Shri Ram Murti Smarak Institute
of Medical Sciences (SRMS IMS), Bareilly. The study included postoperative patients undergoing Total Hip Arthroplasty
(THA) between 01 April 2024 and 30 September 2025 after obtaining approval from the Institutional Ethics Committee.
The total study duration was 18 months. The study was conducted to compare the safety and efficacy of transdermal
buprenorphine patch and transdermal ketoprofen patch with conventional analgesics in postoperative pain control
following primary unilateral Total Hip Arthroplasty (THA).

The study population consisted of adult patients undergoing primary unilateral Total Hip Arthroplasty (THA) for various
hip pathologies admitted under the Department of Orthopaedics during the study period. Patients aged more than 18 years
planned for primary unilateral THA were included in the study. Patients undergoing bilateral THA, those with known
contraindications to transdermal buprenorphine patch or transdermal ketoprofen patch, patients on chronic strong opioid
therapy, patients with a history of intravenous drug abuse or alcohol dependence, and patients with psychiatric disorders
were excluded from the study.

A total of 96 patients fulfilling the eligibility criteria were enrolled and divided into three equal groups of 32 patients each.
Allocation into groups was done according to the planned postoperative analgesic protocol. Group A received transdermal
buprenorphine patch 10 mg, applied 12 hours preoperatively and continued until postoperative day 7. Group B received
transdermal ketoprofen patch 30 mg once daily, continued until postoperative day 7. Group C received conventional
analgesic therapy consisting of intravenous paracetamol 1000 mg twice daily followed by oral paracetamol 650 mg three
times daily up to postoperative day 7.

Detailed demographic and baseline clinical characteristics were recorded preoperatively for all participants, including age,
sex, body weight, body mass index, diagnosis, ASA grading, and baseline pain score. Clinical diagnoses included avascular
necrosis of femoral head, fracture neck of femur, secondary osteoarthritis, and other hip pathologies requiring Total Hip
Arthroplasty. Surgical duration and perioperative parameters were documented.

All surgeries were performed under standard institutional protocol by experienced orthopaedic surgeons. Postoperatively,
all patients followed a uniform rehabilitation protocol. Gait training, range-of-motion exercises, and muscle-strengthening
exercises were initiated from postoperative day 1 under supervision of the physiotherapy team. Patients were mobilized
according to tolerance and clinical recovery.

Pain assessment was performed using the Numeric Rating Scale (NRS), a validated scale ranging from 0 to 10, where 0
indicated no pain, 1-3 mild pain, 4—6 moderate pain, and 7-10 severe pain. Pain scores were recorded at 1 hour, 2 hours,
4 hours, 8 hours, 12 hours, and 24 hours postoperatively, followed by assessment on postoperative day 2, postoperative
day 3, and postoperative day 5.

Rescue analgesia was administered according to institutional protocol. Patients with NRS score >7 received intravenous
tramadol 100 mg diluted in 100 ml normal saline. The maximum permissible daily dose was 400 mg. Requirement for
rescue analgesia, number of patients requiring rescue medication, and time to first rescue dose were documented and
analyzed.

Safety assessment included monitoring and documentation of adverse drug events throughout the postoperative period.
Adpverse effects including nausea, vomiting, constipation, drowsiness, headache, allergic reaction, and patch-site erythema
were recorded. Any untoward clinical event requiring medical management was documented.

Recovery parameters including time to ambulation, postoperative hospital stay, tolerance to physiotherapy, patient
acceptability of treatment, and overall satisfaction with pain control were assessed during follow-up.

All collected data were entered into a structured data sheet and analyzed statistically. Continuous variables were expressed
as mean * standard deviation, while categorical variables were expressed as frequency and percentage. Comparison
between study groups was performed using Chi-square test for categorical variables and One-way ANOVA for continuous
variables. All statistical tests were two-sided, and a p-value of <0.05 was considered statistically significant.

The methodology was designed to comprehensively assess pain relief, rescue analgesic requirement, adverse effects,
recovery profile, and patient satisfaction associated with transdermal buprenorphine patch and transdermal ketoprofen
patch compared with conventional analgesics in patients undergoing Total Hip Arthroplasty (THA). The findings of the
study aim to provide clinically relevant evidence regarding optimal postoperative pain management strategies following
THA.

RESULTS
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A total of 96 patients undergoing primary unilateral total hip arthroplasty were included in the study and were equally
distributed into three groups with 32 patients in each group. Group A received transdermal buprenorphine patch, Group B
received transdermal ketoprofen patch, and Group C received conventional analgesic therapy with paracetamol. All patients
completed follow-up up to postoperative day 7 and were included in the final analysis.

The mean age of patients in Group A was 56.8 + 9.4 years, in Group B 58.2 £ 10.1 years, and in Group C 57.6 = 8.9 years.
There was no statistically significant difference among the groups with respect to baseline demographic characteristics.
Male patients constituted 61.5% of the study population, while female patients accounted for 38.5%.

Serial postoperative pain assessment using the Numeric Rating Scale demonstrated lower pain scores in both transdermal
patch groups compared with the conventional analgesic group throughout the postoperative period. Group A consistently
showed the lowest pain scores from the early postoperative period till postoperative day 5, indicating better and sustained
pain control. Pain reduction was statistically significant across most assessment intervals.

The requirement for rescue analgesia was highest in the conventional analgesic group. In Group A, only 12.5% of patients
required rescue analgesia, compared to 21.9% in Group B and 56.3% in Group C. This finding suggests superior analgesic
efficacy with transdermal buprenorphine and better pain control with ketoprofen patch compared with conventional
therapy.

Adverse drug reactions were observed in all three groups but were comparatively fewer in the transdermal patch groups.
Nausea and vomiting were more frequently seen in the conventional analgesic group, whereas mild patch-site erythema
was noted in a small number of patients receiving patch therapy. Overall tolerability was better with transdermal treatment
modalities.

Patient satisfaction and treatment acceptability were highest in patients receiving transdermal buprenorphine patch. A total
0f90.6% patients in Group A reported satisfaction with pain control, compared with 78.1% patients in Group B and 56.3%
patients in Group C. Acceptability towards route of administration was also higher in the patch groups. Patients treated
with transdermal patches achieved earlier ambulation and had shorter hospital stay compared with those receiving
conventional analgesic therapy.

Overall, both transdermal buprenorphine and transdermal ketoprofen patches demonstrated better postoperative analgesic
efficacy compared with conventional analgesics following total hip arthroplasty. Among the three groups, transdermal
buprenorphine showed the most favorable outcomes in terms of pain relief, reduced rescue analgesic requirement,
improved patient satisfaction, and better postoperative recovery.

Table 1: Baseline Demographic and Clinical Characteristics of Study Population (N=96)

Parameter Group A (Buprenorphine) | Group B (Ketoprofen) | Group C (Conventional) | p-value
n=32 n=32 n=32

Mean age (years) 56.8+94 58.2+10.1 57.6+£8.9 0.81
Male 20 (62.5%) 19 (59.4%) 20 (62.5%) 0.94
Female 12 (37.5%) 13 (40.6%) 12 (37.5%)
Mean BMI (kg/m?) 27.2+3.1 26.9+2.8 27.4+3.0 0.73
AVN femoral head 16 (50.0%) 15 (46.9%) 17 (53.1%) 0.88
Neck femur fracture 10 (31.3%) 11 (34.4%) 9 (28.1%)
Secondary OA/others | 6 (18.7%) 6 (18.7%) 6 (18.8%)

Table 2: Comparison of Postoperative Numeric Rating Scale (NRS) Scores

Time Interval | Group A (Buprenorphine | Group B (Ketoprofen | Group C  (Conventional | p-value
Patch) Patch) Analgesics)
1 hour 64+1.0 6.8+0.9 73+1.1 0.012
2 hours 6.1+0.9 6.5+0.9 7.1+£1.0 0.009
4 hours 5.9+0.9 6.2+1.0 6.9+1.0 0.004
8 hours 53+0.8 5.8+0.9 6.4+0.9 <0.001
12 hours 5.0+0.8 55+0.8 6.1+0.9 <0.001
24 hours 4.8+0.9 5.2+0.8 59+09 <0.001
POD 2 44+0.8 49+0.8 5.6+0.7 <0.001
POD 3 4.0+0.7 45+0.8 53+0.8 <0.001
POD 5 32+0.6 3.8+0.7 4.6+0.8 <0.001
RESULT
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The above table illustrates postoperative pain intensity assessed by Numeric Rating Scale among all three study groups at
serial time intervals. At 1 hour, mean NRS score was 6.4 £ 1.0 in Group A, 6.8 + 0.9 in Group B, and 7.3 + 1.1 in Group
C (p=0.012). At 2 hours, scores reduced to 6.1 £ 0.9, 6.5 £ 0.9, and 7.1 £ 1.0 respectively (p=0.009). At 4 hours, mean
NRS scores were 5.9 £ 0.9 in Group A, 6.2 + 1.0 in Group B, and 6.9 + 1.0 in Group C (p=0.004). At 8 hours, pain scores
further declined to 5.3 £ 0.8, 5.8 £ 0.9, and 6.4 + 0.9 respectively (p<0.001). At 12 hours, mean NRS score was 5.0 + 0.8
in Group A, 5.5 + 0.8 in Group B, and 6.1 £ 0.9 in Group C (p<0.001). At 24 hours, values were 4.8 = 0.9, 5.2 + 0.8, and
5.9 &+ 0.9 respectively (p<0.001). On postoperative day 2, NRS score was 4.4 + 0.8 in Group A, 4.9 £ 0.8 in Group B, and
5.6 £0.7 in Group C. On postoperative day 3, values were 4.0 £ 0.7, 4.5 £ 0.8, and 5.3 + 0.8 respectively. By postoperative
day 5, scores further reduced to 3.2 + 0.6 in Group A, 3.8 = 0.7 in Group B, and 4.6 + 0.8 in Group C. The difference
between groups remained statistically significant throughout the postoperative period (p<0.001), with Group A
demonstrating the lowest pain scores overall.

Table 3: Rescue Analgesic Requirement and Adverse Events

Parameter Group A (Buprenorphine | Group B (Ketoprofen | Group C (Conventional | p-
Patch) Patch) Analgesics) value

Required rescue | 4 (12.5%) 7 (21.9%) 18 (56.3%) <0.001
analgesia
Mean tramadol dose | 46.8 +22.5 71.4+£28.6 142.5+45.2 <0.001
(mg)
Nausea/Vomiting 5 (15.6%) 7 (21.9%) 12 (37.5%) 0.041
Constipation 2 (6.3%) 3 (9.4%) 6 (18.8%) 0.180
Patch-site erythema 2 (6.3%) 4 (12.5%) — 0.290
Drowsiness 3 (9.4%) 2 (6.3%) 5 (15.6%) 0.470
Overall adverse | 9 (28.1%) 12 (37.5%) 17 (53.1%) 0.032
events

Result

The above table shows comparison of rescue analgesic requirement and adverse drug events among the three study groups.
Rescue analgesia was required in 4 patients (12.5%) in Group A, 7 patients (21.9%) in Group B, and 18 patients (56.3%)
in Group C, showing a statistically significant difference (p<0.001). Mean tramadol requirement was 46.8 = 22.5 mg in
Group A, 71.4 £28.6 mg in Group B, and 142.5 £ 45.2 mg in Group C (p<0.001). Nausea and vomiting were observed in
15.6% patients in Group A, 21.9% in Group B, and 37.5% in Group C (p=0.041). Constipation was noted in 6.3%, 9.4%,
and 18.8% patients respectively (p=0.180). Patch-site erythema was seen in 2 patients (6.3%) in Group A and 4 patients
(12.5%) in Group B, while no such event was noted in Group C (p=0.290). Drowsiness was reported in 9.4% patients in
Group A, 6.3% in Group B, and 15.6% in Group C (p=0.470). Overall adverse events were recorded in 9 patients (28.1%)
in Group A, 12 patients (37.5%) in Group B, and 17 patients (53.1%) in Group C, with a statistically significant intergroup
difference (p=0.032). These findings indicate lower rescue analgesic requirement and fewer overall adverse events in the
transdermal patch groups compared with conventional analgesic therapy.

Table 4: Recovery Outcomes and Patient Satisfaction

Parameter Group A Group B Group C p-value
Time to ambulation (hours) 264+5.8 28.1+6.1 348+7.2 <0.001
Hospital stay (days) 6.1+1.4 59+£13 72+£1.7 0.003
Good acceptability 28 (87.5%) 26 (81.3%) 20 (62.5%) 0.019
Satisfied with pain control 29 (90.6%) 25 (78.1%) 18 (56.3%) 0.002

Overall, the results demonstrated that both transdermal analgesic modalities provided better postoperative pain relief
compared with conventional analgesics following total hip arthroplasty. Among the three groups, transdermal
buprenorphine showed superior efficacy in terms of lower NRS pain scores, reduced rescue analgesic requirement, higher
patient satisfaction, and earlier mobilization. Transdermal ketoprofen also showed favorable analgesic benefit with
acceptable tolerability. Conventional analgesic therapy was associated with higher pain scores, greater rescue analgesic
use, and comparatively delayed recovery.

DISCUSSION

The present study was undertaken to evaluate the safety and efficacy of transdermal buprenorphine patch and transdermal
ketoprofen patch compared with conventional analgesics for postoperative pain management in patients undergoing
primary unilateral total hip arthroplasty. Effective postoperative analgesia remains an essential component of recovery after
hip arthroplasty, as inadequate pain relief delays mobilization, prolongs hospital stay, reduces patient satisfaction, and may
adversely affect rehabilitation outcomes. The findings of the present study demonstrate that both transdermal treatment
modalities were effective in controlling postoperative pain, with transdermal buprenorphine showing superior efficacy
across most measured parameters.
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The demographic profile of patients in the present study was comparable among all three groups, indicating a balanced
study population and minimizing selection bias. The mean age in the buprenorphine group was 56.8 + 9.4 years, in the
ketoprofen group 58.2 £ 10.1 years, and in the conventional analgesic group 57.6 + 8.9 years, with no statistically
significant difference. Male patients constituted the majority of the study population, accounting for 61.5%, while females
represented 38.5%. Avascular necrosis of the femoral head was the most common indication for surgery, followed by
fracture neck femur and secondary osteoarthritis. These observations are comparable with those reported by Learmonth et
al., Kurtz et al., and He M et al., who also found that total hip arthroplasty is predominantly performed in middle-aged and
elderly patients, commonly for avascular necrosis and degenerative hip disorders. Similar baseline distribution among
study groups supports the reliability of comparison between analgesic interventions in the present study.

Pain intensity measured using the Numeric Rating Scale showed clinically and statistically meaningful differences between
the three groups. Patients receiving transdermal buprenorphine had the lowest postoperative pain scores throughout the
study period. At one hour after surgery, the mean pain score was 6.4 + 1.0 in the buprenorphine group compared with 6.8
+ 0.9 in the ketoprofen group and 7.3 + 1.1 in the conventional analgesic group. This reduction continued steadily over
subsequent follow-up. By postoperative day five, pain scores reduced to 3.2 + 0.6 in the buprenorphine group, 3.8 + 0.7 in
the ketoprofen group, and 4.6 = 0.8 in the conventional analgesic group. The difference remained statistically significant
throughout follow-up. These findings suggest that transdermal buprenorphine provided sustained analgesic effect over
several postoperative days. Similar results have been reported by Vadivelu et al. and Dahan et al., who demonstrated
prolonged opioid-mediated analgesia and improved postoperative comfort with buprenorphine patches. Kawai et al. also
reported effective pain reduction with ketoprofen transdermal delivery following orthopedic procedures. The present
findings therefore align with previously published literature and support the use of transdermal analgesics as a valuable
modality in postoperative orthopedic pain management.

Rescue analgesic requirement was another important outcome assessed in the present study. The need for intravenous
tramadol was significantly lower in patients receiving buprenorphine patch therapy. Only 12.5% of patients in the
buprenorphine group required rescue analgesia compared with 21.9% in the ketoprofen group and 56.3% in the
conventional analgesic group. Mean rescue tramadol consumption was also lowest in the buprenorphine group at 46.8 +
22.5 mg, compared with 71.4 + 28.6 mg in the ketoprofen group and 142.5 + 45.2 mg in the conventional group. These
findings indicate better baseline analgesic control with transdermal modalities, particularly buprenorphine, reducing the
dependence on additional opioid rescue medication. Similar observations have been reported by Apfelbaum et al. and Chou
et al., who showed that effective multimodal pain control strategies decrease opioid consumption and improve
postoperative recovery. Reduced rescue analgesic use also lowers the burden of opioid-related adverse effects and
contributes to safer pain management.

Adverse effects associated with analgesic therapy were also evaluated. In the present study, nausea and vomiting were
more common among patients receiving conventional analgesics, affecting 37.5% of patients, compared with 15.6% in the
buprenorphine group and 21.9% in the ketoprofen group. Patch-site erythema was observed only in a few patients receiving
transdermal preparations and was mild, transient, and did not require discontinuation of treatment. Drowsiness and
constipation were infrequent across all groups. These findings indicate that transdermal administration is generally well
tolerated and associated with fewer systemic adverse effects than conventional analgesic regimens. Similar findings have
been described by Lanas et al., who reported increased gastrointestinal adverse events with conventional analgesics, while
Vadivelu et al. noted good tolerability with buprenorphine patches in postoperative patients. The local skin reactions seen
with transdermal therapy in our study were minimal and clinically insignificant.

Functional recovery parameters also favored the transdermal patch groups. Early ambulation is a critical milestone after
total hip arthroplasty, contributing to faster rehabilitation and reduction in postoperative complications. In the present study,
the mean time to ambulation was 26.4 £+ 5.8 hours in the buprenorphine group, 28.1 + 6.1 hours in the ketoprofen group,
and 34.8 = 7.2 hours in the conventional analgesic group. This difference was statistically significant and clinically
meaningful. Better pain control likely facilitated earlier mobilization among patients receiving transdermal analgesics.
These findings are supported by Kehlet and Dahl, who demonstrated that optimized postoperative analgesia directly
improves early mobilization after major orthopedic surgery.

Length of hospital stay was also shorter among patients receiving patch-based analgesia. Mean hospital stay was 6.1 + 1.4
days in the buprenorphine group, 5.9 + 1.3 days in the ketoprofen group, and 7.2 + 1.7 days in the conventional analgesic
group. Reduced pain intensity, earlier ambulation, and lower complication rates may all have contributed to earlier
discharge in the patch groups. Similar results have been reported in orthopedic enhanced recovery studies where improved
pain management reduced hospitalization duration and improved overall patient outcomes.

Patient satisfaction and acceptability are important indicators of analgesic effectiveness. In the present study, satisfaction
with pain control was highest in the buprenorphine group, where 90.6% of patients reported satisfactory analgesia. This
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was followed by 78.1% in the ketoprofen group and 56.3% in the conventional group. Acceptability of route of
administration was also better with transdermal therapy, likely due to convenience, reduced need for repeated injections,
sustained drug delivery, and improved comfort. High patient satisfaction associated with transdermal buprenorphine in our
study is comparable to observations reported by several previous studies evaluating postoperative opioid patches.

Overall, the findings of the present study demonstrate that transdermal analgesic therapy offers a safe, effective, and
clinically practical alternative to conventional analgesics in patients undergoing total hip arthroplasty. Both buprenorphine
and ketoprofen patches provided better pain relief, lower rescue analgesic requirement, earlier mobilization, shorter
hospital stay, and improved patient satisfaction compared with conventional analgesic therapy. Among the two transdermal
modalities, buprenorphine consistently demonstrated the most favorable clinical profile. These findings support the
integration of transdermal analgesic patches into multimodal postoperative pain management protocols in hip arthroplasty,
particularly in settings where sustained pain relief and improved recovery are key priorities.

CONCLUSION

The present study concludes that both transdermal buprenorphine patch and transdermal ketoprofen patch are effective and
safe alternatives to conventional analgesics for postoperative pain management following total hip arthroplasty. Both
transdermal modalities provided superior pain relief, reduced rescue analgesic requirement, improved patient acceptability,
and facilitated earlier postoperative mobilization. Among the study groups, transdermal buprenorphine demonstrated the
best overall analgesic efficacy with lower postoperative Numeric Rating Scale scores, fewer rescue analgesic requirements,
better patient satisfaction, and favorable recovery outcomes. Transdermal ketoprofen also showed significant benefit
compared with conventional analgesic therapy and was well tolerated. Conventional analgesic therapy was associated with
relatively higher pain scores, greater need for additional analgesics, increased adverse effects, and delayed mobilization.
Therefore, transdermal analgesic patches—particularly buprenorphine—may be considered a valuable component of
multimodal postoperative pain management protocols in patients undergoing primary unilateral total hip arthroplasty.

RECOMMENDATIONS

Based on the findings of the present study, transdermal analgesic patches may be routinely considered as part of multimodal
postoperative pain management after total hip arthroplasty. Transdermal buprenorphine may be preferred in patients
requiring prolonged and sustained postoperative analgesia with reduced opioid rescue requirements. Transdermal
ketoprofen may also be considered as an effective non-invasive analgesic alternative. Further randomized multicentric
studies with larger sample sizes and long-term follow-up are recommended to validate these findings and establish
standardized postoperative analgesic protocols.

LIMITATIONS

The present study has certain limitations that should be considered while interpreting the results. First, the study was
conducted at a single tertiary care center with a total sample size of 96 patients, which may limit the generalizability of the
findings to larger populations and different healthcare settings. Second, the duration of follow-up was limited to the
immediate postoperative period up to postoperative day 7; therefore, long-term outcomes such as chronic pain relief,
prolonged functional recovery, late adverse reactions, and long-term patient satisfaction could not be evaluated. Third, pain
perception is subjective and based on individual patient response despite the use of a standardized Numeric Rating Scale,
which may introduce variability. Fourth, factors such as psychological status, pain threshold, and personal expectations
toward surgery and analgesia may influence pain reporting and satisfaction scores. Lastly, although the study compared
three analgesic modalities effectively, larger multicentric randomized controlled trials with longer follow-up are required
to further validate these findings and support wider clinical application.
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