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Purpose: Hallux valgus surgery often results in significant postoperative pain. Adequate control 

of pain is essential for patient satisfaction and improves the outcome of the procedure. This 

study aimed to investigate the perioperative analgesic effect of a buprenorphine transdermal 

patch in patients who underwent hallux valgus surgery.

Patients and methods: A total of 90 patients were randomly divided into the following three 

groups based on the perioperative analgesic method: flurbiprofen axetil intravenous injection 

(Group F), oral celecoxib (Group C), and buprenorphine transdermal delivery system (BTDS) 

(Group BTDS). The pain status, degree of satisfaction, adverse effects, and administration of 

tramadol hydrochloride for uncontrolled pain were recorded on the night before surgery, post-

operative day 1, postoperative day 2, and postoperative day 3.

Results: The BTDS could effectively control perioperative pain for patients undergoing hallux 

valgus surgery. The analgesic effect of the BTDS was better than that of oral celecoxib. In 

addition, statistically significant differences were not observed in the visual analog scale (VAS) 

scores, adverse effects, and rescue analgesia between the patients who received the BTDS and 

the patients who received the flurbiprofen axetil intravenous injection. However, the degree of 

patient satisfaction of the BTDS group was significantly higher (P<0.05) than that of the other 

two groups.

Conclusion: The BTDS (a preemptive analgesia regimen) could exert an analgesic effect dur-

ing the perioperative period for patients who had received hallux valgus surgery, and this effect 

is beneficial for sustaining postoperative physiological and psychological states and promoting 

functional rehabilitation.
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Introduction
Hallux valgus surgery can be particularly painful in the immediate postoperative 

period.1,2 Many patients with hallux valgus express moderate-to-severe pain 2–3 days 

postoperatively,3 which seriously affects the postoperative physical and psychologi-

cal status and functional rehabilitation of patients. If pain and nausea, the two major 

complaints after hallux valgus surgery,4 can be prevented or successfully resolved, 

then most of the patients scheduled for hallux valgus surgery will be suitable for 

day-case surgery.

Methods used to control pain include pharmacological analgesics, both oral and 

intravenous, and more invasive techniques, such as a continuous infusion of an anes-

thetic agent to maintain a nerve block during the immediate postoperative period.5 
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The buprenorphine transdermal delivery system (BTDS; 

Norspan®; Mundipharma (China) Pharmaceutical Co., Ltd, 

Beijing, People’s Republic of China) is a type of transdermal 

patch that contains an analgesic drug (buprenorphine in the 

case of the BTDS). The BTDS continuously delivers dosages 

of 5, 7.5, 10, 15, or 20 mg/h of buprenorphine steadily over 

7 days,6,7 thereby administering a controlled release of the 

medication to patients with chronic pain.8–10 Improvements 

in the health-related quality of life of patients have been 

demonstrated in post hoc analyses of randomized clinical 

trials of patients with pain who were treated by the BTDS.11 

However, few studies have been performed on the use of 

the BTDS for forefoot surgeries. Therefore, we designed a 

prospective, randomized, controlled study to evaluate the 

analgesic effectiveness and safety of the BTDS for hallux 

valgus surgery.

Patients and methods
General data
This was a randomized controlled study and was approved 

by the Severance Institutional Review Board of Xiangya 

Hospital at Central South University. The study protocol 

was designed in accordance with the Declaration of Helsinki 

guidelines, and all patients signed a written informed consent 

form. The study is also registered at chictr.org. Both the proto-

col and the statistical analysis plan are available at chictr.org.

Patients with mild and low-moderate hallux valgus who 

underwent hallux valgus correction under peripheral nerve 

blocks between October 2015 and July 2017 were enrolled 

in the study. All patients underwent a unilateral procedure. 

We use random number table method, and the patients were 

randomly divided into the following three groups based on 

the perioperative analgesic method used: flurbiprofen axetil 

intravenous injection (Group F), oral celecoxib (Group C), 

and BTDS (Group BTDS) (n=30 patients for each group). 

No significant differences in age, gender, height, weight, and 

body mass index (BMI) of the patients were found between 

the groups (Table 1). The preoperative visual analog scale 

(VAS) scores, mean preoperative hallux valgus angles and 

intermetatarsal angles, and total surgical times of the three 

groups were also similar (Table 2).

The inclusion criteria were as follows: 1) patients who 

underwent surgery for mild and low-moderate hallux valgus 

deformities; 2) patients between the ages of 18 and 75 years; 

3) patients with American Society of Anesthesiologists 

grades I and II; 4) patients who underwent hallux valgus cor-

rection; and 5) patients who could understand the study pro-

cedures and assessment and agreed to participate in the study 

by giving written informed consent. The exclusion criteria 

included the following: 1) patients who had angina pectoris 

within the previous 6 months; 2) patients who had congestive 

heart failure and arrhythmia; 3) patients who had adverse 

cardiovascular and cerebrovascular events and coronary 

artery bypass grafting or an interventional operation within 

the previous 3 months; 4) patients who had taken opioids 

preoperatively; 5) patients who had a joint infection or sys-

temic infection; 6) patients who had chronic pain caused by 

rheumatoid arthritis or bone tumors; and 7) patients who had 

other diseases or conditions that did not fit into the study after 

being assessed by the investigator. All patients were treated by 

the physicians of the same medical group. The patients were 

administered peripheral nerve blocks. During the surgery, the 

patients were administered anesthetics of the same category 

(a single-shot popliteal fossa nerve block; 20 mL of 0.25% 

Table 1 General demographic data of the patients in the three groups

  Group F Group C Group BTDS P-value

Age (years) 54.2±13.7 53.1±17.6 49.2±13.7 ns
Gender, M/F 3/27 2/28 3/27 ns
Height (cm) 161.5±5.8 163.7±6.1 159.6±7.3 ns
Weight (kg) 60.8±7.9 58.7±6.9 60.8±6.1 ns
BMI (kg/m2) 23.1±1.9 22.0±1.7 23.8±2.1 ns

Notes: Group F: flurbiprofen axetil intravenous injection; Group C: oral celecoxib; and Group BTDS: buprenorphine transdermal delivery system. Data shown as mean ± 
SD. ns: no significant difference between study groups.
Abbreviations: BTDS, buprenorphine transdermal delivery system; F, female; M, male; VAS, visual analog scale.

Table 2 Clinical data of the three groups of patients

  Group F Group C Group BTDS P-value

VAS score before drug administration 6.2±1.3 6.2±1.1 6.3±1.0 ns
Preoperative hallux valgus angle (°) 33.0±3.2 34.1±2.8 34.0±2.9 ns
Preoperative intermetatarsal angle (°) 14.0±2.2 13.9±2.9 14.1±1.7 ns
Total surgical time (minutes) 40.5±9.8 40.8±9.7 39.4±8.5 ns

Notes: Group F: flurbiprofen axetil intravenous injection; Group C: oral celecoxib; and Group BTDS, buprenorphine transdermal delivery system. Data shown as mean ± 
SD. ns: no significant difference between study groups.
Abbreviations: BTDS, buprenorphine transdermal delivery system; VAS, visual analog scale.
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preservative-free bupivacaine with 1:200,000 epinephrine). 

We conducted a distal soft tissue procedure12 combined with 

proximal chevron osteotomy13 and Akin osteotomy14 in all 

patients. A straight medial incision was routinely performed. 

The medial capsule was opened in a Y-shaped manner. The 

medial eminence was excised, and a normal V-type Chevron 

osteotomy was performed with a 5–6 mm lateral displace-

ment of the distal fragment. In all patients, a 3.2 mm screw 

was used for the fixation of the metatarsal osteotomies and 

a 2.5 mm screw was used for the phalangeal fixation. Skin 

closure was performed with continuous subcuticular sutures 

using Vicryl 4-0. A surgical dressing was applied using a 

self-adherent wrap. Immediate weight bearing was allowed 

with a special postoperative shoe. Partial weight bearing was 

continued for 6–8 weeks postoperatively.

Medication regimen
Group F: the patients were administered 50 mg flurbipro-

fen axetil injection (Kaifen; Tide Pharmaceutical Co., Ltd, 

Beijing, People’s Republic of China) through an intra-

venous injection twice per day beginning 2  days before 

the surgery, and the drug was continuously administered 

until the third day after the surgery. Group C: the patients 

received an oral administration of 200 mg celecoxib twice 

per day beginning 2 days before the surgery, and the drug 

was continuously administered until the third day after the 

surgery. Group BTDS: the patients received the BTDS 

(10 mg) on one-third of the lateral upper arm (right side 

or left side) 2 days before the surgery. If a skin defect or 

a large scar was detected on both upper arms, the BTDS 

could be attached to the upper chest. The patch was not 

removed during the surgery, and it was conserved until the 

fifth day after the surgery. Rescue analgesia was primarily 

provided by an intramuscular injection of 100 mg tramadol 

hydrochloride when requested by the patient; we evaluate 

the “uncontrolled pain” with VAS value; if the average 

patient-report VAS >6 in the past 6 hours, rescue analge-

sia should be applied. If tramadol hydrochloride failed to 

relieve the pain within 60 minutes, then an intramuscular 

injection of 50 mg pethidine was allowed.

Observation indexes
The degree of pain was evaluated using the VAS score: scores 

0–2 indicated no pain; scores 3–5 indicated mild pain; scores 

6–8 indicated moderate pain; and scores 9–10 indicated 

severe pain. The VAS score of each patient was recorded at the 

following time points: on the night (at 8 pm) before surgery, 

at 8 am on the first postoperative day, at 8 am on the second 

postoperative day, and at 8 am on the third postoperative day. 

The occurrence of adverse effects and the condition in which 

the patient was administered rescue analgesia for uncon-

trolled pain were also recorded. All patients were discharged 

at noon on the third postoperative day. Before discharge, the 

BTDS patients were given written instructions for remov-

ing the patch on the fifth postoperative day. In addition, all 

of the patients were asked to grade their satisfaction of the 

pain service as “good”, “fair”, and “unsatisfactory” before 

discharge, although they did not indicate the specific factors 

that inspired their feelings of satisfaction or dissatisfaction. 

The data collection was performed by a research assistant 

who was blinded to the subgrouping and administration of 

the procedures.

Statistical analysis
The statistical analysis was performed using SPSS Version 

21.0 for Windows (IBM Corporation, Armonk, NY, USA). 

A statistician performed all statistical analyses. Continuous 

variables were expressed as the mean ± standard deviation. 

Categorical data were presented as the counts and percent-

ages. Student’s t-test, the chi-square test, and Fisher’s exact 

test were used to compare the two groups as appropriate. A 

one-way analysis of variance was applied to compare the data 

among different groups. A P-value of <0.05 was considered 

statistically significant.

Results
Patient disposition is shown in Figure 1. Of the 113 patients 

enrolled, 90 (eight males and 82 females) patients were ran-

domized: 30 patients to the flurbiprofen axetil (intravenous) 

group, 30 patients to the celecoxib (oral) group, and 30 

patients to the BTDS group. All of the patients in the three 

groups completed the study.

The VAS pain scores of the patients at each time point 

are presented in Table 3. All drug administrations in the three 

groups resulted in significant reduction in pain on the night 

before the surgery, the first postoperative day, the second 

postoperative day, and the third postoperative day. The VAS 

scores of the patients in Group F and Group BTDS were 

2.4 and 2.5, respectively, which were superior to those of 

the patients in Group C as 3.4 on the night before surgery. 

Similarly, the VAS scores of the patients in Group F (2.5) and 

Group BTDS (2.8) were lower than Group C (3.6) on the first 

postoperative day, (P<0.001) as shown in Table 3. However, 

no differences in the VAS scores of the three groups were 

observed on the second and third postoperative days (P=0.44 

and 0.43, respectively). In addition, significant differences 
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were not observed in the VAS scores between Group F and 

Group BTDS at the aforementioned time points (P>0.05).

A rescue injection of tramadol hydrochloride (100 mg, 

intramuscular) was, respectively, administered in two, four, 

and one patient on the night of the surgery and five, seven, and 

four patients on the first postoperative day in Groups F, C, and 

BTDS (Table 4). The patients in our study had the worst pain 

and called for the rescue injection at 18 hours postoperatively, 

which may be related to the residual effect of the popliteal fossa 

nerve block on preventing pain during the earlier postopera-

tive period. None of the patients required a further injection 

of pethidine. Statistically significant differences were not 

observed in the tramadol hydrochloride consumption between 

the three groups on the day of surgery and the first postopera-

tive day. On the second postoperative day, the patients in Group 

F and Group BTDS did not need any rescue analgesic at all.

Differences were not observed between the number of 

patients suffering from nausea, constipation, dizziness, som-

nolence, vomiting, headache, and application site reactions 

(skin allergy and pruritus) between the groups (Table  5). 

One patient in Group BTDS suffered from application site 

reactions, although this did not present significant differ-

ences when compared with the other two groups (P>0.05). 

None of the patients in the three groups suffered from severe 

complications (eg, peptic ulcers, respiratory inhibition, and 

cardiovascular events).

The overall satisfaction of the pain service was signifi-

cantly higher in Group BTDS than in Group F and Group C. 

Significant differences were not observed in the degree of 

patient satisfaction between Group F and Group C (P>0.05). 

These results are listed in Table 6.

Suture reactions or mild superficial erythema resulting from 

a foreign body reaction to the suture material developed in the 

foot of two patients in Group F and in the foot of one patient in 

Group C. All of the feet healed with conservative management. 

No other wound complications or deep infections occurred.

Discussion
The gender proportion of hallux valgus deformity is 15 

women for every one man (a 15:1 female:male ratio).15 

Figure 1 Patient disposition.
Abbreviation: BTDS, buprenorphine transdermal delivery system.

No one withdrawn
(n=30)

BTDS
(n=30)

Celecoxib
(n=30)

90 patients randomized

113 patients enrolled

Excluded (n=6)
Refused to participate (n=17)

Flurbiprofen axetil
(n=30)

No one withdrawn
(n=30)

No one withdrawn
(n=30)

Table 3 Comparisons of the perioperative pain (VAS score) assessments between the three groups at different time points

  Group F Group C Group BTDS P-value

Before drug administration 6.2±1.3 6.2±1.1 6.3±1.0 ns
Night before surgery 2.4±1.0 3.4±0.8 2.5±0.9 <0.001*
Postoperative day 1 2.5±0.6 3.6±0.5 2.8±0.7 <0.001*
Postoperative day 2 1.8±0.7 2.0±0.6 1.9±0.5 ns
Postoperative day 3 (first 12 hours) 1.4±0.6 1.7±0.7 1.5±0.5 ns
P-value <0.001** <0.001** <0.001** –

Notes: Group F: flurbiprofen axetil intravenous injection; Group C: oral celecoxib; and Group BTDS, buprenorphine transdermal delivery system. *Significant differences 
between Group C and Group F and between Group C and Group BTDS but no significant differences between Group F and Group BTDS. **Significant differences in the 
VAS scores of the groups on the night before surgery, postoperative day 1, postoperative day 2, and postoperative day 3, when compared with the VAS scores before drug 
administration. Significant differences in the VAS scores between postoperative day 1 and postoperative days 2 and 3. Data shown as mean ± SD. ns: no significant difference 
between study groups.
Abbreviations: BTDS, buprenorphine transdermal delivery system; VAS, visual analog scale.
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Unfortunately, the female patients seemed to be more sensi-

tive to the adverse effects of strong pain medication, such 

as opioids, after forefoot surgery than the male patients.16 

Therefore, multimodal analgesia is particularly important 

in the treatment of hallux valgus patients.

The use of multimodal analgesia could reduce postop-

erative pain, improve patient satisfaction, and decrease total 

opioid consumption in the postoperative period. A number of 

drug classes are currently being used in multimodal treatment 

strategies. NSAIDS, such as ibuprofen, indomethacin, and 

celecoxib, are commonly used in clinical practice; however, 

they can exert adverse effects of varying degrees on the diges-

tive tract, platelets, and kidneys of patients.17 Acetaminophen 

is frequently used for the treatment of acute pain in the 

perioperative period because it can reduce the requirements 

for opioids and pain scores in patients. However, whether the 

intravenous administration of acetaminophen provides a sig-

nificant benefit over the oral administration of acetaminophen 

remains unclear.18 Alpha-2 agonists have been shown to have 

opioid-sparing effects, although they can cause hypotension 

and bradycardia, which must be taken into consideration 

when administered.19 Preoperative dexamethasone, either 

given orally or given intravenously, has been found to reduce 

both the opioid consumption and the time to discharge; 

moreover, it reduces the incidence of nausea and is known 

to be an effective antiemetic.20

The BTDS is a type of synthetic opioid analgesic, and it 

was licensed for the treatment of moderate-to-severe chronic 

pain that does not respond to nonopioid analgesics. The active 

ingredient of the BTDS is buprenorphine, which is a potent 

opioid analgesic that acts primarily as a partial agonist at 

the μ-opioid receptor.21 The BTDS offers many advantages 

over the typical full μ-opioid receptor agonists for treating 

chronic pain, and its partial agonist activity induces a ceiling 

effect for respiratory depression but not for analgesia, thereby 

resulting in a reduced risk for this potentially fatal adverse 

event compared with that of other full opioid agonists.22

The BTDS is one option among multimodal analgesics, 

although postoperative pain is not an official indication for its 

use. This patch proceeds slowly, and ~48 hours are needed to 

Table 4 Summary of the use of rescue analgesia among the three groups

  Group F (n=30) Group C (n=30) Group BTDS (n=30) P-value

Day of surgery 2 (6.6) 4 (13.3) 1 (3.3) ns
Postoperative day 1 5 (16.6) 7 (23.3) 4 (13.3) ns
Postoperative day 2 0 (0) 3 (10) 0 (0) 0.04*

Notes: The values are expressed as the n (%). Group F: flurbiprofen axetil intravenous injection; Group C: oral celecoxib; and Group BTDS, buprenorphine transdermal 
delivery system. *Significant differences were observed between Group C and Group F and between Group C and Group BTDS. ns: no significant difference between study 
groups.
Abbreviation: BTDS, buprenorphine transdermal delivery system.

Table 5 Comparison of the side effects of the three groups

  Group F (n=30) Group C (n=30) Group BTDS (n=30) P-value

Nausea 5 (16.6) 7 (23.3) 5 (16.6) ns
Constipation 4 (13.3) 5 (16.6) 4 (13.3) ns
Dizziness 4 (13.3) 3 (10) 3 (10) ns
Somnolence 3 (10) 4 (13.3) 3 (10) ns
Vomiting 2 (6.6) 1 (3.3) 1 (3.3) ns
Headache 2 (6.6) 1 (3.3) 1 (3.3) ns
Application site reactions 0 0 1 (3.3) ns

Notes: The values are expressed as the n (%). Group F: flurbiprofen axetil intravenous injection; Group C: oral celecoxib; and Group BTDS, buprenorphine transdermal 
delivery system. Application site reactions: skin allergy and pruritus. ns: no significant difference between study groups.
Abbreviation: BTDS, buprenorphine transdermal delivery system.

Table 6 Overall satisfaction of the three groups

  Group F (n=30) Group C (n=30) Group BTDS (n=30) P-value

Good 11 (36.6) 7 (23.3) 18 (60) 0.005*
Fair 9 (30) 11 (36.6) 6 (20) ns
Unsatisfactory 5 (16.6) 5 (16.6) 4 (13.3) ns
Unknown 4 (13.3) 6 (20) 5 (16.6) ns

Notes: The values are expressed as the n (%). Group F: flurbiprofen axetil intravenous injection; Group C: oral celecoxib; and Group BTDS, buprenorphine transdermal 
delivery system. *Significant differences between Group C and Group BTDS (P=0.002) and between Group F and Group BTDS (P=0.03) but no significant differences between 
Group F and Group C (P=0.33). ns: no significant difference between study groups.
Abbreviation: BTDS, buprenorphine transdermal delivery system.
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reach the maximum buprenorphine concentrations after the 

initial patch application.23 Thus, the optimal time for placing 

the patch would be 2 days before surgery. In the present study, 

the patch was placed 2 days before the operation. Addition-

ally, the intravenous injection of flurbiprofen axetil and oral 

administration of celecoxib were administered 2 days before 

surgery. Such regimens allowed for comparisons among these 

medications and also followed the principle of preemptive 

analgesia, which helps prevent the development of hypersen-

sitivity in the perioperative period.24

Our study showed that the BTDS could effectively control 

perioperative pain in patients who underwent hallux valgus 

surgery. The analgesic effect of the BTDS was better than that 

of the oral administration of celecoxib. In addition, statisti-

cally significant differences were not observed in the VAS 

scores, adverse effects, and rescue analgesia use between the 

BTDS and the flurbiprofen axetil intravenous injection. How-

ever, the degree of patient satisfaction in the BTDS group was 

significantly higher (P<0.05) compared with that of the other 

two groups because of the advantages of the approach used 

for the drug administration. Flurbiprofen axetil and celecoxib 

were administered twice per day, whereas the BTDS, which 

was administered on the local skin, could release a steady 

and continuous dose of buprenorphine over a period of up to 

7 days, which confers the convenience of once-weekly dosing. 

This approach avoids oral and intravenous drugs and provides 

psychological comfort to the patients.25 Specifically for the 

patients presenting comorbid conditions and polypharmacy 

complications, the extended analgesia duration offered by the 

BTDS allowed less frequent dosing, which may help improve 

patient acceptability.

This study had certain limitations. The sample size in this 

study was limited; therefore, the findings cannot be applied to 

actual situations requiring the preemptive analgesia regimen of 

the BTDS on a large scale. Moreover, the following three groups 

in this study involved different modes of drug administration: 

intravenous, oral, and transdermal. Hence, a double-blind 

design could not be achieved and a bias from the experimental 

condition would be created. In addition, different pathways of 

drug administration might exert a certain degree of influence on 

the psychological statuses of the patients, which could result in 

errors in the study results. Therefore, large-sample double-blind 

controlled trials should be conducted in the future.

Conclusion
This study indicated that the BTDS (a preemptive analgesia 

regimen) could exert an analgesic effect during the perioperative 

period for patients who received hallux valgus surgery, which 

is important for sustaining postoperative physiological and 

psychological states and promoting functional rehabilitation.
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