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Background: Oxycodone is widely used as bolus or patient-controlled analgesia (PCA)
for control of postoperative pain. The aim of this study was to assess the efficacy and
side effects of oxycodone for somatic pain by comparing oxycodone and fentanyl intrave-
nous PCA after orthopedic surgery.

Methods: Seventy-three patients undergoing orthopedic surgery were randomly as-
signed to receive fentanyl or oxycodone using intravenous PCA (potency ratio 1:60). Pain
severity at rest and with movement and adverse effects were assessed at 1, 6, 24, and
48 hours after surgery. The PCA dose and patient satisfaction scores were measured at
48 hours after surgery.

Results: The resting visual analogue scale (VAS) and moving VAS scores of the oxyco-
done group were significantly higher than those of the fentanyl group at 6 hours (P =
0.001, P =0.021), but at 48 hours, the resting and moving VAS of the oxycodone group
were significantly lower than those of the fentanyl group (P = 0.014, P = 0.037). There
were no significant differences in adverse effects, satisfaction scores, dose of patient-
controlled mode, or total cumulative PCA dose.

Corresponding author

Jihyun An, M.D.

Department of Anesthesiology
and Pain Medicine, Daegu Fatima
Hospital, 99 Ayang-ro, Dong-gu,
Daegu 41199, Korea

Tel: 82-53-940-0114

Fax: 82-563-954-7417

E-mail: anji43@naver.com
ORCID : Key Words: Fentanyl, Othopedics, Oxycodone, Patient-controlled analgesia, Postopera-

http://orcid.org/0000-0002-5373-3887 tive pain.

Conclusions: With a 1:60 ratio of oxycodone to fentanyl when using PCA for pain control
after orthopedic surgery, the use of larger doses of oxycodone for 6 hours is effective in
controlling early postoperative pain.
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INTRODUCTION

Adequate control of pain in orthopedic surgery is required
for patients to fully participate in physical rehabilitation,
which requires mechanical loading of the operated bone or
joint [1,2]. Inadequate pain control can interfere with effec-
tive rehabilitation and develop into chronic persistent post-
operative pain owing to sensitization of the nerve system [3,4].

A common method to control postoperative pain is the use

of opioids. Among the opioids, oxycodone, morphine, and

fentanyl are widely used as bolus or patient controlled anal-
gesia (PCA) for postoperative pain control.

Equivalent doses of fentanyl and morphine and oxycodone
and morphine are known to be 1:80-100 [5] and 1:1, respec-
tively [6], but the equivalent dose of oxycodone and fentanyl
is controversial. In a number of studies of postoperative an-
algesia performed following abdominal surgery, the potency
of oxycodone and fentanyl has been observed to be less than
1:100. Several studies revealed that oxycodone was more

effective in visceral pain [7-9]. The aim of this prospective
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randomized study was to assess the efficacy and side effects
of oxycodone on somatic pain by comparing oxycodone and

fentanyl intravenous (IV)-PCA after orthopedic surgery.

MATERIALS AND METHODS

Prior to performance of the study, the study protocol was
approved by an appropriate Institutional Review Board of the
Daegu Fatima Hospital (IRB no. DFA14MRI0293). Written
informed consent was obtained from 73 patients scheduled
to undergo orthopedic surgery including open reduction of
lower limb, total knee replacement, total hip replacement, ar-
throscopic knee ligament surgery, and arthroscopic shoulder
ligament surgery under general anesthesia. Patients enrolled
in the study were of American Society of Anesthesiologists
physical status classification ], II, or III and aged between 20
and 80 years. All patients were randomly assigned to one of
two groups receiving either oxycodone (group O) or fentanyl
(group F) for postoperative IV-PCA, according to a computer-
generated randomized table by Excel (Microsoft Corp.,
Korea). A blind observer assessed participants’ pain severity
at rest and with movement, side effects, and PCA dosage.
Exclusion criteria consisted of history of severe hepatic, renal,
pulmonary, or cardiac disease; bleeding disorder; underlying
psychological disorders; chronic pain with history of opioid
usage; communication disability; lack of ability to use PCA;
side effects with previous opioid usage; and pregnancy.

All patients were administered 0.2 mg of glycopyrrolate, 2
mg of midazolam intramuscularly, and 20 mg of famotidine
intravenously as premedications. Upon arrival in the operat-
ing room, all patients underwent continuous monitoring of
vital signs using electrocardiography, blood pressure cuff,
pulse oximetry, and capnography.

General anesthesia was induced with 2 mg/kg of propofol,
0.6 mg/kg of rocuronium, and a remifentanil infusion of 20
ug/min. Sevoflurane was used for maintenance of anesthe-
sia, and a remifentanil infusion of 5-20 ug/min was used for
analgesia. A dose of 0.3 mg of ramosetron was administered
intravenously, and another 0.3 mg of ramosetron was mixed
into the IV-PCA for prevention of postoperative nausea and
vomiting (PONV). After the operation, sevoflurane and remi-
fentanil were discontinued, and 0.2 mg of glycopyrrolate
and 10 mg of pyridostigmine were administered for reversal

of neuromuscular blockade. Tracheal extubation was per-
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formed after recovery of response to verbal commands and
spontaneous respiration. Patients were then transferred to
the postanesthetic care unit (PACU), where they continued
to undergo monitoring with electrocardiography, blood pres-
sure, pulse oximetry, and capnography. All patients were ob-
served in the PACU for 1 hour before being transferred to the
general ward. A PCA pump (AutoMed 3400°, Ace Medical,
Korea) was connected to all patients for postoperative pain
control.

Oxycodone 120 mg in group O and fentanyl 2,000 pg in
group F, with 180 mg of ketorolac, 0.3 mg ramosetron, and
normal saline were mixed to a volume of 100 ml. The PCA
regimen for both groups included basal infusion of 1.2 ml/h,
bolus dose of 1.2 ml, and lockout interval of 15 minutes. We
administered fentanyl and oxycodone in a potency ratio of
1:60.

If a patient reported severe pain with a visual analogue
scale (VAS) score above 70, either oxycodone 3 mg or fentan-
yl 50 ug was administered as an IV bolus as rescue analgesia,
depending on the patient’s assigned group. When moderate
to severe nausea or vomiting developed in the PACU, 10 mg
of metoclopramide was administered.

Evaluations for pain severity and adverse effects were per-
formed at 1, 6, 24, and 48 hours postoperatively. Pain scores
were evaluated using the VAS with scores ranging from 0 (no
pain) to 100 (worst pain imaginable) in two categories, at rest
and with movement. Pain at rest was defined as pain on lying
supine, and pain with movement was defined as pain ob-
served with activities including rehabilitation exercises, lifting
limbs, sitting, walking, and rolling. The occurrence of adverse
effects such as nausea, vomiting, dizziness, headache, and se-
dation was observed and recorded at each time point. Overall
patient satisfaction with the PCA was evaluated on a 5-point
scale (1 = very unsatisfied, 2 = unsatisfied, 3 = neutral, 4 = sat-
isfied, or 5 = very satisfied). The total PCA dose and cumula-
tive dose in patient-controlled mode (PCM) were checked at
48 hours after surgery.

Based on pilot studies, we estimated the sample size to
detect differences in VAS scores with mean differences be-
tween the groups, with a power of 80% and o = 0.05. The
power analysis indicated that a sample size of 28 per group
was required to detect significant differences in VAS scores of
more than 10 between group O and group F with a standard
deviation of 13 for each group in the preliminary test. Fifty-six
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Table 1. Summary of Baseline Characteristics

Variable Fentanyl (n = 30) Oxycodone (n =31) P value
Gender (M/F) 9/21 16/15 0.086
Age (yr) 573+ 170 549+ 179 0.589
Height (cm) 159.6 £ 10.2 163.4 + 10.6 0.158
Weight (kg) 61.0+ 129 66.2+11.4 0.099
ASA PS classification (I/11/111) 10/18/2 15/13/3 0.411
Type of operation* 6/3/14/4/3 2/1/22/4/2 0.313
Duration of operation (min) 98.2+12.0 96.7 +12.0 0.525
Total infused dosage of remifentanil (ml) 170+ 5.6 183+6.1 0.408
Dosage of rescue medication 75.3+56.5 75.3+56.5 0.206

Quantitative data are expressed as the mean + SD and qualitative data are expressed as a number. ASA PS: American Society of Anesthesiologists
physical status. *Total knee replacement/total hip replacement/open reduction of lower limb/arthroscopic shoulder ligament surgery/arthroscopic

knee ligament surgery.

patients were required to allow for possible incomplete data
collection or patient dropout. Power and Sample Calculators
(HyLown Consulting LLC, USA; available from the web site:
http://powerandsamplesize.com/Calculators/) were used
for sample size calculation. For statistical analysis of the col-
lected data, IBM SPSS 21.0 (IBM Co., USA) was used. To com-
pare the groups, Student’s t-tests were performed for vari-
ables with normal distributions, such as patient information
regarding age, weight, height, and opioid consumption. The
Mann-Whitney U test was used to analyze patient satisfaction
with analgesia. Repeated measures analysis of variance and
Student’s t-test were used to analyze VAS scores. Categorical
variables such as sex, American Society of Anesthesiologists
physical status classification, type of operation, and adverse
effects were analyzed using the chi-square test and Fisher’s
exact test, as appropriate. A P value < 0.05 was considered to
indicate statistical significance.

RESULTS

Sixty-one patients were included in the study analysis. Sev-
enty-three patients were included in the study after random-
ization, but 4 patients in the fentanyl group and 8 patients in
the oxycodone group requested early discontinuation of the
PCA owing to emesis.

There was no significant difference between the two groups
in the distribution of height, weight, age, sex, American Soci-
ety of Anesthesiologists physical status classification, or type
of surgery (Table 1).

Development of side effects including nausea, vomiting,

dizziness, headache, and sedation with respiratory depres-
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sion was examined four times in the initial 48 hours after sur-
gery (1, 6, 24, 48 hours). Side effects at each time segment and
the overall number of patients who experienced each side
effects in the oxycodone group were not significantly different
from those in the fentanyl group (Table 2).

Regarding VAS scores, both resting VAS scores (Fig. 1) and
moving VAS scores (Fig. 2) decreased with time (P values all <
0.001). The changes of VAS with time differed between the two
groups (resting VAS, P = 0.004 and moving VAS, P = 0.000). Rest-
ing VAS at 6 hours and moving VAS at 6 hours were significantly
higher in group O, but resting VAS at 48 hours and moving VAS
at 48 hours were significantly lower in group O (Table 3).

Total PCA dose and cumulative PCA dose in PCM were
measured in both groups.

Total PCA dose (ml) - Group F: 82.9 + 24.3, Group O: 82.9 +
27.9,P=0.998

Cumulative PCA in PCM (ml) - Group F: 15.5 + 11.8, Group
0:13.6+12.9,P=0.564

There was no significant difference between the two
groups.

The median and interquartile range of the satisfaction
scores was 2 (2-3) in group O and 2 (2-3) in group F. There
was no significant difference between the two groups (P =
0.506).

DISCUSSION

Oxycodone is a semisynthetic opioid derived from theba-
ine [10]. Today, oxycodone is widely used for the manage-
ment of chronic pain in controlled release tablets, and is also

administered through various routes such as IV, intramus-
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Table 2. Incidence of Postoperative Adverse Effects during 48 Hours

Adverse Fentanyl Oxycodone

P value
effect (n=30) (n=31)

Nausea 15 (50) 12 (38.7) 0.375
<1h 5(9.7) 3(13.3) 0.707
1-6h 12 (40.0) 7(22.6) 0.174
6-24 h 6 (20.0) 8(25.8) 0.762
24-48h 3(10.0) 7(22.6) 0.301

Retching 6 (20) 3(9.7) 0.301
<1h 0(0.0) 0(0.0) N/A
1-6h 5(16.7) 2(6.5) 0.255
6-24h 2(6.7) 3(9.7) 1.000
24-48h 2(6.7) 0(0.0) 0.238

Vomiting 3(10) 3(9.7) 1.000
<1h 0(0.0) 0(0.0) N/A
1-6h 2(6.7) 2(6.5) 1.000
6-24h 1(3.3) 2(6.5) 1.000
24-48h 0(0.0) 0(0.0) N/A

Dizziness 13(43.3) 9(29) 0.245
<1h 2(6.7) 2(6.5) 1.000
1-6h 10(33.3) 6(19.4) 0.255
6-24h 8(26.7) 6(19.4) 0.554
24-48h 5(16.7) 5(16.1) 1.000

Headache 7(23.3) 4(12.9) 0.335
<1lh 1(3.3) 0(0.0) 0.492
1-6h 6 (20) 2(6.5) 0.147
6-24h 5(16.7) 2(6.5) 0.255
24-48h 3(10) 3(9.7) 1.000

Sedation 4(13.3) 5(16.1) 1.000
<1h 2(6.7) 5(16.1) 0.425
1-6h 1(3.3) 1(3.2) 1.000
6-24h 2(6.7) 0(0.0) 0.238
24-48 h 2(6.7) 0(0.0) 0.238

Values are presented as number (%). Fisher's exact chi-square tests
were performed. N/A: not applicable. There were no significant dif-
ferences in the development of nausea, retching, vomiting, dizziness,
headache, or sedation between the groups at each time segment.

cular, subcutaneous, rectal, and epidural [11-15]. Numer-
ous studies have suggested that IV oxycodone is an effective
treatment for acute postoperative pain [16,17]. Furthermore,
determination of the proper dosage regimen of oxycodone
is important for effective pain control. However, few studies
have examined the effect of IV oxycodone compared with
fentanyl when used as PCA, and it has been difficult to find
data regarding comparison of oxycodone and fentanyl in the
control of pain after orthopedic surgery.

IV or parenteral oxycodone appears to be equipotent with
morphine [6,18]. The potency ratio of fentnayl to morpine is
1:80-100 [5]. However, there is significant debate regarding
the equipotent ratio of fentanyl to oxycodone. Hwang et al.

[19] reported that the potency ratio was 1:75 in laparoscopic
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Fig. 1. Graphs indicate mean and standard deviation. Repeated mea-
sures analysis of variance was performed. There was a significant ef-
fect of time (P values were < 0.001). There was a significant effect of
time (P values were < 0.001) and the changes in visual analogue scale
(VAS) with time differed between the two groups (P = 0.004). *P < 0.05
according to Student’s t-test.
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Fig. 2. Graphs indicate mean and standard deviation. Repeated mea-
sures analysis of variance was performed. There was a significant
effect of time (P values were < 0.001) and the changes in visual ana-
logue scale (VAS) with time differed between the two groups (P < 0.001).
*P < 0.05 according to Student’s t-test.

cholecystectomy, and oxycodone showed comparable effects
for pain relief compared to fentnayl in spite of a smaller cu-
mulative PCA dose. In other recent studies, the potency ratio
of fentanyl and oxycodone was found to be 1:62.5 in gastroin-
testinal laparotomy, 1:60 in laparoscopic benign gynecologi-
cal surgery, and 1:55 in colorectal surgery, and oxycodone
was shown to provide similar analgesic efficacy to that of fen-
tanyl [20-22].

In the present study, the potency ratio of fentanyl to oxyco-

done as a PCA dose as well as rescue dose was 1:60. Resting
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Table 3. Comparison of Resting and Moving VAS between Groups at
Each Time Segment

VAS Group F Group O P value
Resting 1h 54.7 +25.6 56.8+284 0.762
6h 45.0+18.2 63.8+24.0 0.001

24 h 31.3+10.0 28.7+22.3 0.631

48 h 25.0+16.1 14.8 +15.0 0.014

Moving 6h 61.7 +16.8 TA5+24.7 0.021
24 h 48.3+£20.9 423+23.1 0.285

48 h 39.7 +20.9 294 +16.5 0.037

Values are presented as mean + SD. Group F: fentanyl group, Group
O: oxycodone group. VAS: visual analogue scale. Student’s t-tests were
performed.

VAS and moving VAS at 6 hours were higher in the oxyco-
done group. This finding may be the result of the fact that
orthopedic surgery ranks higher in pain intensity than the
previously mentioned laparoscopic cholecystectomy, laparo-
scopic hemicolectomy, or laparoscopic gynecological surgery
[23]. Consistent with this view, some studies have suggested
that the minimum effective concentration (MEC: the drug
concentration at the time re-medication is required) and
minimum effective analgesic concentration (MEAC: the con-
centration at which the drug is equilibrated between plasma
and effect-site compartments containing its receptors, and
analgesia is elicited) of oxycodone may differ between dif-
ferent types of surgery. In patients undergoing laparoscopic
cholecystectomy, the MEC and MEAC of oxycodone are
20-35 ng/ml and 45-50 ng/ml, respectively [24]. The MEC
and MEAC of IV oxycodone for cardiac surgery have been
reported as 6-12 ng/ml and 15-25 ng/ml, respectively [25].
Therefore, orthopedic surgery seems to require increasing the
dose of PCA according to the intensity of the pain, because
the intensity of the initial postoperative pain of orthopedic
surgery is stronger than the pain of abdominal surgery. The
rescue dose in the recovery room should also be increased.
Pharmacokinetic simulation demonstrated that the MEAC of
oxycodone was reached most rapidly with 0.1 mg/kg, which
may reduce the pain during the immediate postoperative pe-
riod [26].

According to other research, oxycodone has shown signifi-
cant effects in visceral pain and may provide new opportuni-
ties in the management of clinical visceral pain [27]. This is
because oxycodone has antinociceptive effects that are medi-
ated by a combination of mu-opioid and kappa-opioid re-

ceptors, although oxycodone has been considered to act as a
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typical mu-opioid agonist [8]. Khotib et al. [28] suggested that
interactions between mu-opioid and kappa-opioid receptors
appear to play a significant role in the mediation of nocicep-
tion, although the mu-opioid activity of oxycodone and its
metabolites is much greater than its kappa-opioid activity.
Peripheral kappa-opioid receptors in the gut have been sug-
gested to be an important feature of the visceral pain system
and a possible target for attenuating peripheral nociception
[29,30]. Oxycodone is an effective analgesic agent for visceral
pain and somatic pain, but studies to date have shown that
it is more effective for visceral pain [7-9,27]. Likewise, pain
after abdominal surgery is controlled by similar or smaller
amounts of oxycodone compared with the equipotent ratio
of morphine or fentanyl [16-22]. Therefore, in somatic pain
such as pain after orthopedic surgery, the amount of oxyco-
done should be higher than the dose used for visceral pain.

In both resting and moving VAS graphs, reversal occurred
between 6 and 24 hours, and resting VAS and moving VAS at
48 hours were significantly lower in the oxycodone than in
the fentanyl group. Consistent with these findings, Choi [26]
suggested that the time to reach a 90% steady-state concen-
tration was 5-14 hours for oxycodone at 0.1 mg/kg, compared
to 11-16 hours for 2 mg, and 17.5 hours for fentanyl. The time
to reach steady state was shorter for oxycodone than for fen-
tanyl. VAS measurements at 12 hours and 18 hours would be
useful in determining when to maintain the PCA dose and
when to decrease it. The reason for the statistically insignifi-
cant difference in the total PCA dose and the dose in PCM
was that the VAS scores were higher in group O for the first 24
hours and higher in group F for the second 24 hours.

Limitations of this study include that first, all patients did
not receive the same type of surgery. The degree of pain var-
ies according to the type of surgery and the surgical site, and
limiting these to a single one could lead to more accurate
study results. However, we do not expect this factor to be a
source of significant differences because the surgeries includ-
ed in our study are those with a high degree of pain. Second,
as mentioned earlier, it would have been helpful to include
additional time intervals between 6 hours and 48 hours to
allow measurement of multiple parameters. In addition, we
checked the total PCA dose and PCM dose at 48 hours after
PCA connection. Checking the PCA and PCM doses at each
time point (1, 6, 24, and 48 hours) would be more useful in

determining when to increase or decrease the opioid dose. In
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addition, there were only 61 patients included in the present
analysis, and there have been limited studies to date compar-
ing the occurrence of adverse effects with oxycodone and
fentanyl. The sex ratio was not significantly different in this
study, but female sex is a strong risk factor for PONV. There-
fore, studies with larger sample sizes may be necessary to
reach a more definitive conclusion regarding the occurrence
of adverse effects.

In the present study, we conclude that with a 1:60 ratio of
oxycodone to fentanyl in the application of PCA for pain con-
trol after orthopedic surgery, the use of larger doses of oxyco-
done for 6 hours is effective in controlling early postoperative

pain.
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