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A new cocktail formula with diprospan of local
infiltration analgesia in primary total hip

arthroplasty: A prospective, randomized, controlled,
observer-blinded study

Hao-Yang Wang, MD , Qiang Xiao, MD , Zhen-Yu Luo, MD, Fu-Xing Pei, MD, Duan Wang, MD, Zong-Ke Zhou, MD

Department of Orthopedics, West China Hospital/West China School of Medicine, Sichuan University, Chengdu, China

Objective: This study aimed to observe the analgesic effect of the cocktail formulation with diprospan during total hip
arthroplasty (THA).

Methods: From September 2018 to April 2019, 120 patients undergoing primary unilateral THA were included in this
prospective, randomized, observer-blinded study. Patients were randomized into three groups, according to the differ-
ent local infiltration analgesia (LIA) strategies: LIA with ropivacaine (the ropivacaine group, n = 40), LIA with a new
cocktail containing ropivacaine, diprospan, and morphine (the cocktail group, n = 40), and the control group (n = 40).
The primary outcomes included postoperative pain scores. The resting visual analogue scale (VAS) scores were mea-
sured at 2, 6, and 12 h after the surgery (a.m. and p.m.) on postoperative day (POD) 1, POD2, and the day of dis-
charge. Movement VAS scores were assessed at 6 h, 12 h after the operation (a.m. and p.m.) on POD1, POD2, and
the day of discharge. The secondary outcomes included opioid consumption, postoperative hospital stay, range of
motion of the hip at discharge, patient satisfaction, and the results of the follow-up.

Results: After the screening, 120 patients were randomized into three groups (40 patients in each group). All of the
patients completed the trial. The resting VAS scores in the ropivacaine group and cocktail group at 2 h were lower than
those in the control group (P < 0.001 and P < 0.001, respectively, F = 17.054), and the same trend was also postop-
eratively found at 6 h (p = 0.005 and P = 0.002, F = 6.212). Twelve hours after the operation, the pain score in the
cocktail group was lower than that in the other two groups, but only the difference between the cocktail group and the
control group was statistically significant (P = 0.018, F = 3.144). From the morning of the first postoperative day to
the a.m. on POD 2, the VAS scores in the cocktail group were significantly lower than those in the ropivacaine group
and the control group. Furthermore, the movement VAS scores in the ropivacaine group and the cocktail group were
better than those in the control group at 6 and 12 h post-operation (P < 0.05). The per capita opioid consumption in
the cocktail group was less than that in the ropivacaine group and the control group within 24 h post-operation. There
were no significant differences in the comparison of additional indicators among the three groups.

Conclusion: The new cocktail with diprospan had a better result and longer duration time for early postoperative pain
control in primary THA via the posterolateral approach under general anesthesia, especially for treating resting pain.
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Introduction

Total hip arthroplasty (THA) has been broadly recognized
as being an effective treatment for end-stage hip dis-

ease.1 With the continuous improvement of surgical tech-
niques and the continuous accumulation of perioperative
patient management experience in recent years (especially in
the promotion of the concept of accelerated perioperative
rehabilitation), an increasing number of Chinese patients
have chosen to undergo total hip arthroplasty; however, pain
after THA is still a problem that doctors need to focus on.2

According to the literature, approximately 20% of patients
experience moderate-to-severe pain after joint replacement
surgery. If postoperative pain cannot be effectively con-
trolled, it will delay the speed of recovery, prolong the length
of hospital stay, increase the cost of treatment, lead to
chronic pain after operation, and further affect the satisfac-
tion of patients.3,4 Multimodal analgesia provides an effective
scheme for the perioperative pain control of joint replace-
ment and has achieved good results.5,6 As one of the impor-
tant measures of perioperative multimodal analgesia, local
infiltration analgesia (LIA) has been widely used in total hip
arthroplasty.7 Different drug formulations of local infiltration
analgesia have been demonstrated by different researchers.
Ropivacaine, morphine, nonsteroidal anti-inflammatory analge-
sics, and several other drugs are commonly used in the “cock-
tail” formula. Some researchers believe that glucocorticoids in
LIA can inhibit the inflammatory reaction at the surgical site,
reduce the production of pain signals, and improve the analge-
sic effect after total joint arthroplasty. Moreover, other
researchers have adopted a wait-and-see attitude, with the belief
that the addition of glucocorticoids such as dexamethasone
does not affect the actual effect of LIA, which may be related to
the regional rapid absorption of glucocorticoids.8,9

The question as to whether glucocorticoids in LIA can
improve analgesia is debatable, and researchers are attempting
to identify methods to make LIA last longer. Diprospan is a
compound glucocorticoid preparation made from a mixture of
betamethasone disodium phosphate and betamethasone dip-
ropionate, in which betamethasone disodium phosphate can be
soluble in water, thus making it easily absorbable and effective,
whereas betamethasone dipropionate is slightly soluble in water,
temporarily stored in the injection site and slowly absorbed to
maintain the effect. This compound glucocorticoid preparation
can provide a longer action time. Noskov et al. found that
diprospan could effectively relieve shoulder pain in patients
with shoulder periarthritis.10 Furthermore, Lara-de la Fuente
et al. believed that the injection of diprospan at the joint site
could effectively relieve joint pain in patients.11 From this point
of view, diprospan should be effective in relieving joint pain,
but there is no precedent for the addition of diprospan to LIA
for total hip arthroplasty. At the authors’ institution, LIA with
the use of 0.25% ropivacaine has already achieved good clinical
results for pain management in THA, but the researchers still
want to find a better cocktail formula. Therefore, they designed
this prospective, randomized, controlled trial to answer the fol-
lowing questions: (i) whether LIA is effective in reducing

postoperative pain in primary THA; (ii) whether the new cock-
tail has a better effect than ropivacaine; and (iii) whether this
new cocktail can prolong the effective time compared with the
use of ropivacaine alone.

Methods and Materials

Inclusion and Exclusion Criteria
From September 2018 to April 2019, the patients who under-
went THA were screened for enrollment. The inclusion criteria
were as follows: (i) patients aged 18–80 years; (ii) patients with
American Society of Anesthesiologists Physical Status I–III; and
(iii) patients undergoing primary unilateral THA. The perioper-
ative management of surgery was built on a widely recognized
multimodal enhanced recovery strategy, including venous
thromboembolism (VTE) prevention, pain control,12,13 blood
loss management,14 and rehabilitation training.15

The exclusion criteria were as follows: (i) patients with
diagnoses other than osteoarthritis or osteonecrosis of the fem-
oral head; (ii) patients with a known allergy to the drugs used
in this study; (iii) patients with uses of spinal anesthesia;
(iv) patients unable to tolerate general anesthesia or the surgery;
(v) patients with mental illnesses or an inability to complete the
visual analogue scale (VAS); (vi) diabetes patients; (vii) patients
with operative side hip joints who had previous surgery history
or limb shortening more than 4 cm than the normal side;
(viii) patients who could not cooperate with the completion
researcher for various reasons; and (ix) for facilitating the
recording and statistics of the pain score, patients in which the
surgeries were completed after 5 p.m.

Randomization and Blinding
All of the patients were randomized into three groups: LIA with
ropivacaine (the ropivacaine group), LIA with a new cocktail
(the cocktail group), and the control group. Randomization was
based on a computer-generated randomization list, and the
results were placed into sequentially numbered, opaque, sealed
envelopes by a statistician who did not participate in this clini-
cal trial. The envelope was opened on the day of the operation,
and the corresponding LIA drugs were dispensed by a nurse
who was not involved in patient care. The patients, anesthesiol-
ogists, outcome assessors, and data collectors were blinded to
the allocations. The surgeon who performed the LIA could not
be blinded, but he did not take part in the data collection or
postoperative management of this trial.

Surgery and Perioperative Management
All of the patients received general anesthesia from the same
group of anesthesiologists. All of the surgeries were per-
formed by one senior surgeon (Dr. ZkZ) using a posterolat-
eral approach and a single brand of cementless acetabular
and femoral components (DePuy Synthes, PINNACLE cup
and CORAIL stem, Warsaw, IN, USA). No postoperative
drain was used. All of the patients received tranexamic acid
(20 mg/kg) intravenously 10 min before the surgery after
which they received 1 g of tranexamic acid intravenously
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3 and 6 h after the operation. All of the patients received a
standardized thromboembolic prophylaxis protocol,16 which
consisted of a subcutaneous injection of 2000 IU enoxaparin
sodium (Clexane, Sanofi, Synthelabo, Paris, France) at 8 h
post-operation and then one time a day (4000 IU); in addi-
tion, 10 mg rivaroxaban (Xarelto, Bayer Pharma Daesung
Maref, Gyeonggi-do, korea, republic) was prescribed for
10 days after discharge. The patients received mechanical
thromboprophylaxis via a portable intermittent inflatable calf
pump (Daesung Maref) and lower extremity strength train-
ing on the day after surgery. A physiotherapist who did not
participate in this study guided the rehabilitation training of
all of the enrolled patients, including hip functional training
on the bed, walking with the aid of a walker, and daily life
training.

Interventions and the Multimodal Analgesia Protocol
The patients were randomized into one of three interven-
tions. Patients in the ropivacaine group received LIA with
ropivacaine (Naropin, AstraZeneca) before suturing of the
wound; 200 mg ropivacaine was dissolved in saline, and the
concentration of ropivacaine was 0.25% in a total of 80 ml.
Forty milliliters of solution was injected into the deep tissues,
including the tensor fasciae latae and gluteus maximus, and
the remaining 40 ml of solution was injected into the superfi-
cial tissues, including the superficial fascia and subcutaneous
tissues. The cocktail group received LIA with 200 mg
ropivacaine (final concentration of 0.25%), 10 mg morphine,
1 ml diprospan (which contained 2 mg betamethasone dis-
odium phosphate), and 5 mg betamethasone dipropionate, in
a total of 80 ml. The injection technique was the same as that
in the ropivacaine group. Patients in the control group did
not receive the LIA procedure.

All of the patients received the same multimodal analge-
sia protocol except those not receiving the LIA. Education was
performed before the surgery by one nurse who was not
involved in this study. Patients received 200 mg celecoxib
(Celebrex, Pfizer) two times a day for 2 days before the opera-
tion until 2 weeks after the surgery. Intraoperative anesthesiolo-
gists developed the same anesthesia and analgesic measures for
each patient. After the surgery, all of the patients received cold
therapy for 12 h. One data collector who was blinded to the
allocations assessed each patient’s pain score and delivery of
analgesic drugs, according to the VAS score. Specifically,
patients received 10 mg oral oxycodone hydrochloride
prolonged-release tablets (OxyContin, Mundipharma) 10 when
the VAS score was between 4 and 6; a subcutaneous injection
of 5 mg of morphine was immediately administered if the VAS
score was ≥7. Intravenous patient-controlled analgesia (PCA)
was abandoned in this study.

Outcome Measures
The primary outcomes included postoperative VAS pain
scores. The secondary outcomes included opioid consump-
tion, postoperative hospital stay, range of motion of the hip

at discharge, patient satisfaction, complications, and follow-
up outcomes.

Visual Analogue Scale
The VAS involved a 10-point self-reported score for the
assessment of patients’ hip pain. A minimum score of 0 indi-
cates no pain; a score of 1–3 indicates mild pain; a score of
4–6 indicates moderate pain; and a score of 7–10 indicates
severe pain. The resting VAS scores were measured at 2, 6,
and 12 h after surgery (a.m. and p.m.) on postoperative day
(POD) 1, POD2, and the day of discharge. Movement VAS
scores were assessed at 6 and 12 h after the operation
(a.m. and p.m.) on POD1, POD2, and the day of discharge.

Opioid Consumption
Opioid consumption was converted into oral morphine as
follows: 10 mg of subcutaneously injected morphine was
equal to 30 mg of oral morphine, and 10 mg of oral
oxycontin was equal to 20 mg of oral morphine.17,18 Opioid
consumption was recorded at 24 h PO and at discharge.

Postoperative Hospital Stay
The length of postoperative hospital stay was defined as the
number of days from POD1 to the day of discharge.

Range of Motion
The range of motion of the hip included flexion and abduc-
tion. The flexion and abduction of the hip were defined as
hip flexion or abduction from neutral (0�) to maximum. The
range of motion was recorded at the day of discharge.

Patient satisfaction
A questionnaire was used to investigate patient satisfaction,
including pain and function satisfaction. Patient satisfaction
was recorded as satisfied or dissatisfied at the day of discharge.

Complications
Complications were defined as side effects related to opioids,
glucocorticoids, and LIA, including nausea and vomiting,
urinary retention, pruritus, superficial and deep infections,
hematoma, superficial wound necrosis, and blood sugar fluc-
tuations. Blood sugar fluctuations were defined as fasting
blood glucose greater than 8 mmol/L or blood glucose 2 h
after a meal greater than 13 mmol/L.

Follow-up Outcomes
The follow-up time points were at 3 and 6 months after sur-
gery. Follow-up outcomes included the resting and move-
ment VAS, Harris hip score (HSS), and the 12-Item Short
Form Health Survey (SF-12).

Statistical Analysis and Sample Size
Data were analyzed by using SPSS (version 22.0; IBM). Con-
tinuous data are presented as the mean and standard devia-
tion (SD). One-way analysis of variance (ANOVA) with a
post hoc Bonferroni test was used to analyze the normally
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distributed continuous variables, and the Kruskal–Wallis test
with the post hoc Nemenyi test was used for the skewed con-
tinuous variables. Categorical data are reported as the num-
ber and percentage. The statistical analysis of categorical
variables was performed by using chi-square or Fisher tests.
Statistical significance was established at P < 0.05.

The postoperative pain scores were selected as the pri-
mary outcome. Based upon a pilot study that was previously
conducted in 15 patients (five patients in each arm) who under-
went unilateral primary total hip arthroplasty, the sample size
was calculated via G Power Version 3.1.9 (Franz Faul; UniKiel)
software, and 35 patients were needed in each group by using a
fixed effect, one-way ANOVA design. Assuming a 15% loss to
follow-up, 40 patients were enrolled in each group.

Results

Patient Characteristics
From September 2018 to April 2019, 148 patients who under-
went primary unilateral THA were assessed for eligibility.
Twenty-eight of the patients were excluded: 20 patients violated
the inclusion criteria, five patients declined to participate, and
three patients were excluded for other reasons. Finally,
120 patients were randomized into three groups (40 patients in
each group), and all 120 patients completed the trial

(Fig. Fig. 1). No significant differences were identified among
the three groups concerning the patients’ baseline demographic
variables and perioperative characteristics (Table 1).

Primary Outcome
A noteworthy difference in postoperative resting pain inten-
sity (VAS) was found among the three groups beginning at
2 h post-operation and continuing to the a.m. of POD2. The
VAS scores in the ropivacaine group and cocktail group at
2 h post-operation were lower than those in the control
group (P < 0.001 and P < 0.001, respectively, F = 17.054),
and the same trend was also found at PO 6 h (P = 0.005
and p = 0.002, F = 6.212). Twelve hours after the operation,
the pain score in the cocktail group was lower than that in
the other two groups, but only the difference between the
cocktail group and the control group was statistically signifi-
cant (P = 0.018, F = 3.144). From the morning of the first
postoperative day to a.m. POD2, patients in the cocktail
group exhibited lower VAS scores than those in the
ropivacaine group and control group, and the differences
were statistically significant (a.m. POD1: cocktail group ver-
sus ropivacaine group, P = 0.021; cocktail group versus con-
trol group, P = 0.005; F = 4.683. p.m. POD1: cocktail group
versus ropivacaine group, P = 0.034; cocktail group versus
control group, P = 0.023; F = 3.300. a.m. POD2: cocktail

Assessed for eligibility (n= 148)

Excluded (n= 28)

Not meeting inclusion criteria (n= 20)

Declined to participate (n= 5)

Other reasons (n= 3)

Enrolled (n= 120)

Ropivacaine group
(n=40)

Cocktail group
(n=40)

Lost to 
follow-up

(n=0)

Lost to 
follow-up

(n=0)

Analyzed
(n=40)

Analyzed
(n=40)

Analyzed
(n=40)

Control group
(n=40)

Lost to 
follow-up

(n=0)

Fig. 1 Consolidated Standards of Reporting

Trials (CONSORT) flowchart of the study
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TABLE 1 Demographic variables and preoperative characteristics

Variable
Ropivacaine

group (n = 40)
Cocktail

group (n = 40)
Control

group (n = 40)
Statistic
values P valuesa

Age (year) 56.03 � 13.22 54.33 � 12.07 56.95 � 13.94 F = 0.413 0.662
Female sex (no. of patients [%]) 18 (45.0%) 22 (55.0%) 24 (60.0%) χ2 = 1.875 0.392
Operative side (no. of patients [%]) χ2 = 2.660 0.264
Right 26 (65.0%) 19 (47.5%) 24 (60%)
Left 14 (35.0%) 21 (52.5%) 16 (40%)

Diagnosis χ2 = 1.290 0.525
Osteonecrosis of femoral head 15 (37.5%) 20 (50.0%) 17 (42.5%)
Osteoarthritis 25 (62.5%) 20 (50.0%) 23 (57.5%)
Height (cm) 160.57 � 8.61 162.33 � 8.52 160.05 � 8.50 F = 0.774 0.463
Weight (kg) 61.89 � 12.32 61.23 � 12.21 60.91 � 9.83 F = 0.075 0.928
BMI (kg/m2) 23.91 � 3.95 23.06 � 3.09 23.72 � 3.02 F = 0.694 0.502

ASA class (no. of patients [%]) χ2 = 3.498 0.478
I 3 3 6
II 29 33 27
III 8 4 7
HHS 52.55 � 14.0 51.58 � 10.00 51.33 � 12.92 F = 0.109 0.897
Movement VAS 4.10 � 1.28 4.38 � 1.00 4.50 � 0.88 F = 1.474 0.233
Resting VAS 0.70 � 0.69 0.68 � 0.62 0.68 � 0.59 F = 0.023 0.977

SF-12
PCS 14.83 � 2.80 14.35 � 2.40 14.45 � 2.15 F = 0.413 0.663
MCS 21.35 � 2.86 21.40 � 2.62 22.23 � 1.64 F = 1.634 0.200

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; HHS, Harris hip score; MCS, mental component summary; PCS, physical com-
ponent summary; SF-12, The 12-Item Short Form Health Survey; VAS, visual analogue scale.
a The p value represents the result of one-way analysis of variance for independent means for continuous variables and the chi-squared test or Fisher’s exact tests
for categorical variables among the three groups. The values are given as the mean and the standard deviation or the number of patients.

TABLE 2 VAS scores and morphine equivalents consumption during hospitalization

Variable
Ropivacaine

group (n = 40)
Cocktail

group (n = 40)
Control

group (n = 40)
Statistic
values P valuesa

Resting VAS
PO 2 h 2.48 � 0.75 2.35 � 0.89 3.43 � 1.05 F = 17.054 <0.001b

PO 6 h 2.38 � 0.63 2.33 � 0.86 2.85 � 0.69 F = 6.212 0.003b

PO 12 h 2.25 � 0.78 2.15 � 0.66 2.55 � 0.78 F = 3.144 0.047b

POD 1
a.m. 2.13 � 0.69 1.80 � 0.52 2.20 � 0.65 F = 4.683 0.011b

p.m. 2.08 � 0.69 1.73 � 0.55 2.10 � 0.90 F = 3.300 0.040b

POD 2
a.m. 1.60 � 0.78 1.25 � 0.44 1.63 � 0.70 F = 4.076 0.019b

p.m. 1.83 � 0.87 1.68 � 0.80 1.78 � 0.83 F = 0.335 0.555
Discharge 1.55 � 0.75 1.45 � 1.01 1.60 � 0.93 F = 0.286 0.752

Movement VAS
PO 6 h 4.00 � 0.72 3.78 � 0.89 4.53 � 0.85 F = 8.781 <0.001b

PO 12 h 3.80 � 0.82 3.60 � 0.67 4.43 � 0.98 F = 10.600 <0.001b

POD 1
a.m. 3.85 � 0.83 3.65 � 0.80 3.80 � 0.97 F = 0.572 0.566
p.m. 3.38 � 0.67 3.33 � 0.76 3.45 � 0.81 F = 0.280 0.756

POD 2
a.m. 3.15 � 0.70 3.18 � 0.50 3.20 � 0.82 F = 0.053 0.948
p.m. 3.03 � 0.69 3.17 � 0.90 3.25 � 0.74 F = 0.850 0.430
Discharge 2.90 � 0.98 2.83 � 0.87 3.05 � 0.88 F = 0.631 0.534

Morphine equivalents (mg)
PO 0–24 h 11.50 � 14.42 5.13 � 7.55 12.38 � 15.89 F = 3.631 0.030b

Total during hospitalization 33.25 � 45.88 34.50 � 47.55 50.25 � 58.04 F = 1.393 0.252

Abbreviations: a.m., ante meridiem; h, hour; p.m., post meridiem; PO, postoperative; POD, postoperative day; VAS, visual analogue scale.
a The p value represents the result of one-way analysis of variance or Kruskal–Wallis analysis for independent means for continuous variables among the three
groups; b Significant. The values are given as the mean and the standard deviation.
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TABLE 3 VAS scores post hoc test during hospitalization

Variable Ropivacaine group (n = 40) Cocktail group (n = 40) Control group (n = 40)

P valuesa

P P1 P2 P3

Resting VAS
PO 2 h 2.48 � 0.75 2.35 � 0.89 3.43 � 1.05 <0.001b 0.536 <0.001b <0.001b

PO 6 h 2.38 � 0.63 2.33 � 0.86 2.85 � 0.69 0.003b 0.762 0.005b 0.002b

PO 12 h 2.25 � 0.78 2.15 � 0.66 2.55 � 0.78 0.047b 0.548 0.073 0.018b

POD 1
a.m. 2.13 � 0.69 1.80 � 0.52 2.20 � 0.65 0.011b 0.021b 0.590 0.005b

p.m. 2.08 � 0.69 1.73 � 0.55 2.10 � 0.90 0.040b 0.034b 0.879 0.023b

POD 2
a.m. 1.60 � 0.78 1.25 � 0.44 1.63 � 0.70 0.019b 0.019b 0.865 0.012b

Movement VAS
PO 6 h 4.00 � 0.72 3.78 � 0.89 4.53 � 0.85 <0.001b 0.223 0.005b <0.001b

PO 12 h 3.80 � 0.82 3.60 � 0.67 4.43 � 0.98 <0.001b 0.287 0.001b <0.001b

Morphine equivalents (mg)
PO 0–24 h 11.50 � 14.42 5.13 � 7.55 12.38 � 15.89 0.030b 0.032b 0.766 0.015b

Abbreviations: a.m., ante meridiem; h, hour; p.m., post meridiem; PO, postoperative; POD, postoperative day; VAS, visual analogue scale.
a From one-way analysis of variance for independent means for continuous variables among the three groups. P values from analysis with use of the post hoc
Bonferroni test; P, P value of Ropivacaine group vs. Cocktail group vs. Control group; P1, P value of Ropivacaine group vs. Cocktail group; P2, P value of
Ropivacaine group vs. Control group; P3, P value of group Cocktail group vs. Control group; b Significant. The values are given as the mean and the standard
deviation.

TABLE 4 Operative outcomes and follow-up outcomes

Variable
Ropivacaine

group (n = 40)
Cocktail

group (n = 40)
Control

group (n = 40) Statistic values P valuesa

During hospitalization
Duration of surgery (min) 69.9 � 14.36 66.08 � 19.23 64.93 � 14.67 F = 1.007 0.369
Postoperative hospital stay (day) 2.95 � 0.71 2.93 � 0.86 3.10 � 0.87 F = 0.536 0.587

Range of motion at discharged (�)
Flexion 106.13 � 7.55 106.63 � 7.88 104.13 � 7.67 F = 1.180 0.311
Abduction 33.00 � 3.72 33.25 � 3.50 32.88 � 3.63 F = 0.109 0.897

Follow-up
Resting VAS
PO 3 months 0.25 � 0.49 0.20 � 0.46 0.33 � 0.57 F = 0.604 0.548
PO 6 months 0.18 � 0.38 0.13 � 0.33 0.23 � 0.42 F = 0.683 0.507

Movement VAS
PO 3 months 0.75 � 0.67 0.80 � 0.65 0.90 � 0.74 F = 0.492 0.613
PO 6 months 0.65 � 0.62 0.58 � 0.59 0.78 � 0.58 F = 1.142 0.323

HHS
PO 3 months 88.90 � 1.98 89.05 � 2.28 88.00 � 2.29 F = 2.698 0.072
PO 6 months 92.45 � 2.23 93.05 � 2.33 92.40 � 2.53 F = 0.934 0.396

SF-12-PO 3 months
PCS 22.2 � 1.29 21.95 � 1.20 21.60 � 1.61 F = 1.916 0.152
MCS 26.18 � 1.20 25.85 � 1.35 25.63 � 1.37 F = 1.787 0.172

SF-12-PO 6 months
PCS 23.53 � 1.24 23.60 � 1.03 23.20 � 0.82 F = 1.653 0.196
MCS 27.10 � 0.90 27.45 � 0.91 27.15 � 0.80 F = 1.893 0.155

Pain satisfaction (no. of patients [%]) χ2 = 1.829 0.456
Satisfied 35 (87.5%) 37 (92.5%) 33 (82.5%)
Dissatisfied 5 (12.5%) 3 (7.5%) 7 (17.5%)

Function satisfaction (no. of patients [%]) χ2 = 0.173 1.000
Satisfied 36 (90.0%) 36 (90.0%) 35 (87.5%)
Dissatisfied 4 (10.0%) 4 (10.0%) 5 (12.5%)

Abbreviations: HHS, Harris hip score; MCS, mental component summary; PCS, physical component summary; PO, postoperative; SF-12, The 12-Item Short Form
Health Survey; VAS, visual analogue scale.
a The P value represents the result of one-way analysis of variance for independent means for continuous variables and the chi-squared test or Fisher’s exact tests
for categorical variables among the three groups. P, P value of Ropivacaine group vs. Cocktail group vs. Control group. The values are given as the mean and the
standard deviation or the number of patients.
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group versus ropivacaine group, p = 0.019; cocktail group
versus control group, P = 0.012; F = 4.076). Although the
VAS scores in the ropivacaine group were lower than those
in the control group, no meaningful differences were found
between the two groups. However, even the cocktail group
had a better analgesic effect than the rest of the groups
regarding resting pain intensity from p.m. POD2 to dis-
charge, but the differences were not statistically significant
(Tables 2 and 3).

When the movement VAS scores were evaluated
among the three groups, patients in the ropivacaine group
and cocktail group had better results than the patients in the
control group in the very early period after surgery (6 and
12 h post-operation, P < 0.05). However, from POD1 to the
time of discharge, the movement pain scores among the
three groups were similar (P > 0.05) (Tables 2 and 3).

Secondary Outcomes
The per capita opioid consumption in the cocktail group was
less than that in the ropivacaine group and control group
within 24 h post-operation (5.13 � 7.55 mg in the cocktail
group versus 11.50 � 14.42 mg in the ropivacaine group ver-
sus 12.38 � 15.89 mg in the control group, P = 0.032 and
P = 0.015, respectively, F = 3.631). However, because 10 mg
morphine was used in the cocktail group, the differences in
total morphine consumption among the three groups were
not statistically significant (Tables 2 and 3).

No significant difference was observed among the three
groups when compared with postoperative hospital stay
(P = 0.587, F = 0.536), range of motion of the hip at discharge
(P = 0.311, F = 1.180 for flexion of the hip and p = 0.897,
F = 0.109 for abduction), and patient satisfaction (P = 0.456,
χ2 = 1.829 for pain management satisfaction and P = 1.000,
χ2 = 0.173 for function satisfaction). Patients in this study were
followed up at 3 and 6 months after surgery, and the resting
and movement VAS scores and the HSS and SF-12 scores were
similar among the groups (P > 0.05) (Table 4).

The incidence of complications related to opioids, gluco-
corticoid use, and LIA were assessed, including the incidences
of nausea and vomiting, urinary retention, pruritus, wounds
complications, large fluctuations in blood glucose, deep vein
thrombosis, and pulmonary embolism, and there was no statis-
tically significant difference among the groups (Table 5).

Discussion

The Effectiveness of the New Cocktail in Reducing
Postoperative Pain
In this prospective, randomized, controlled, observer-blinded
study, the researchers found that with the LIA and multimodal
analgesic protocol, the two groups with LIA had better pain
management results than the control group in the early period
after THA. However, the cocktail group achieved the most sat-
isfactory analgesic effect. As is known, LIA is an important part
of perioperative multimodal analgesia in joint replacement.
With the use of a cocktail composed of local anesthetics and
analgesics, LIA can block the pain from the source, thus
avoiding analgesia-related systemic complications without
affecting the muscles around the hip joint. A randomized con-
trolled study conducted by Villatte et al. suggested that LIA can
effectively reduce pain at 24 h after THA.19 Titman et al. also
observed that LIA can effectively decrease early pain after THA
in a randomized, placebo-controlled study.20 Moreover, Ma
et al. found that LIA can effectively relieve pain after THA and
reduce perioperative opioid consumption.21 In the guidelines of
China, South Korea, and other countries, local infiltration anal-
gesia is regarded as an important part of perioperative multi-
modal analgesia in joint replacement.22,23 In a survey
conducted by the American Association of Hip and Knee Sur-
geons (AAHKS), 80% of joint surgeons surveyed chose to use
local infiltration analgesia as a means of perioperative analgesia
in joint replacement.24 Although some studies believe that
under the premise of multimodal analgesia, LIA does not
improve the overall analgesic effect, more related research

TABLE 5 Complications

Variable Ropivacaine group (n = 40) Cocktail group (n = 40) Control group (n = 40) Statistic values P valuesa

Nausea and vomiting 3 2 5 χ2 = 1.527 0.601
Urinary retention 2 1 3 χ2 = 1.053 0.870
Pruritus 0 0 1 χ2 = 2.017 1.000
Aseptic fat liquefaction of wound 1 1 1 χ2 = 0.000 1.000
Superficial infection 0 0 0 — —

Deep infection 0 0 0 — —

Haematoma 1 0 0 χ2 = 2.017 1.000
Superficial wound necrosis 0 0 0 — —

DVT 0 0 0 — —

PE 0 0 0 — —

Blood glucose fluctuations 1 1 0 χ2 = 1.017 1.000

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism.
a The P value represents the result of chi-square or Fisher’s test for independent proportions among the three groups. The values are given as the number of
patients.
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results have confirmed the role of local infiltration analge-
sia.25,26 The results of this study were similar to those of most
previous studies showing that LIA could effectively reduce pain
after THA.

Advantages of the New Cocktail Local Infiltration
Analgesia
There have been different results on the effect of LIA in differ-
ent studies. Kuch�alik et al. showed that the postoperative anal-
gesic advantage of LIA was only 6 h,3 but Liu et al. observed
that the analgesic effect of LIA could be sustained to approxi-
mately 36 h after the operation.27 The effective time of LIA
may be affected by various factors, such as the cocktail formula,
injection site, injection manipulation, surgical techniques, and
other analgesic strategies in the multimodal analgesia measures.
From the literature, the mainstream cocktail formula contains
anesthetics, nonsteroidal anti-inflammatory analgesics, and opi-
oids. Some researchers may use glucocorticoids and/or epineph-
rine in the cocktail.2,28 Correlated studies have suggested that
epinephrine could prolong the effective time of LIA, but the
vasoconstrictive effect of epinephrine may cause ischemic
necrosis of the skin; thus, it was not suitable for subcutaneous
injection. For this reason, epinephrine was not used in this
study. Even so, these results showed that LIA with the new
cocktail effectively reduced resting pain for nearly 40 h after
THA, which is better than what has been reported in most cur-
rent studies. The question as to whether glucocorticoids are
needed in LIA is still controversial. El-Boghdadly et al. believed
that dexamethasone could not improve the analgesic effect of
LIA, and that the use of glucocorticoids may lead to the fluctua-
tion of blood glucose.8,29 Liu believed that glucocorticoids in
LIA could effectively reduce the perioperative dosage of opioids
in THA, which was beneficial to pain control and postoperative
rehabilitation. The results of a meta-analysis also supported the
idea that glucocorticoids could improve the analgesic effect of
LIA.27,30 Some studies have also suggested that betamethasone
could improve the analgesic effect of LIA,27,31 but there has
been little research on the effect of diprospan and morphine in
the cocktail formula for THA. The results of this study con-
firmed that the new cocktail worked better than ropivacaine
alone. In consideration of the antagonistic effect of glucocorti-
coids on insulin, this study excluded diabetic patients, and there
was no significant difference in the fluctuation of blood glucose
among the three groups. However, whether this new cocktail is
suitable for patients with diabetes still requires further research.
In addition, this study showed that the new cocktail was benefi-
cial to early pain control after THA, but it had little effect on
the long-term joint function and quality of life of patients,
which was consistent with the results of previous studies.32,33

Limitations of the Study
Although the results confirmed that the new cocktail could
effectively reduce pain after THA, this study still had limita-
tions. First, the surgeon was not blinded to the group assign-
ment, but patients, anesthesiologists, outcome assessors, and
data collectors were blinded, and the surgeon did not partici-
pate in the data collection and postoperative management
related to this trial. Second, patients in the control group
were not injected with normal saline as a placebo, which
may bias the results of the study. However, the research team
believed that the injection of normal saline into the patient’s
tissue is not suitable. Third, in this study, all of the patients
used the same multimode analgesic measures except for LIA,
which may affect the results of the study to some extent.
However, the schemes that were adopted by the three groups
of patients were consistent, and it can be considered that the
difference between the three groups is mainly caused by the
unique variable “cocktail” formula. In addition, at present,
there is a positive attitude toward the effect of perioperative
multimode analgesia in joint replacement surgery. It is inhu-
mane and not in line with ethical requirements for patients
to abandon well-known and effective analgesic measures for
the sake of clinical research. Therefore, this study did not set
up a control group for abandoning the use of multimodal
analgesia. Fourth, this study was conducted in a single cen-
ter, and all of the operations were performed by the same
surgeon who had completed more than 3000 THAs and was
proficient. Therefore, it is not clear whether the surgical tech-
nique will affect the results of the study and whether other
surgeons can repeat the results.

Conclusion
In conclusion, for patients undergoing primary THA via the
posterolateral approach under general anesthesia, the new
cocktail with diprospan, morphine, and ropivacaine had a
better result and longer time duration for early postoperative
pain control than ropivacaine alone, especially for treating
resting pain.
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