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ABSTRACT
OBJECTIVE
To investigate the effects of one and two doses of
intravenous dexamethasone in patients after total
knee arthroplasty.
DESIGN
Randomised, blinded, placebo controlled trial with
follow-up at 90 days.
SETTING
Five Danish hospitals, September 2018 to March 2020.
PARTICIPANTS
485 adult participants undergoing total knee
arthroplasty.
INTERVENTION
A computer generated randomised sequence stratified
for site was used to allocate participants to one of
three groups: DX1 (dexamethasone (24 mg)+placebo);
DX2 (dexamethasone (24 mg)+dexamethasone (24
mg)); or placebo (placebo+placebo). The intervention
was given preoperatively and after 24 hours.
Participants, investigators, and outcome assessors
were blinded. All participants received paracetamol,
ibuprofen, and local infiltration analgesia.
MAIN OUTCOME MEASURES
The primary outcome was total intravenous morphine
consumption 0 to 48 hours postoperatively.
Multiplicity adjusted threshold for statistical
significance was P<0.017 and minimal important
difference was 10 mg morphine. Secondary outcomes
included postoperative pain.
RESULTS
485 participants were randomised: 161 to DX1, 162 to
DX2, and 162 to placebo. Data from 472 participants

WHAT IS ALREADY KNOWN ON THIS TOPIC
Total knee arthroplasty is a common procedure associated with moderate to
severe postoperative pain
Dexamethasone is often used as part of a multimodal treatment for pain after
surgery, but the evidence for its possible analgesic effects as an adjuvant is
sparse, especially for high and repeated doses

WHAT THIS STUDY ADDS
Compared with placebo, two doses of 24 mg intravenous dexamethasone
administered perioperatively as an adjuvant to multimodal pain treatment
resulted in less pain and less morphine consumption
the bmj | BMJ 2022;376:e067325 | doi: 10.1136/bmj-2021-067325

(97.3%) were included in the primary outcome
analysis. The median (interquartile range) morphine
consumptions at 0-48 hours were: DX1 37.9 mg (20.7
to 56.7); DX2 35.0 mg (20.6 to 52.0); and placebo
43.0 mg (28.7 to 64.0). Hodges-Lehmann median
differences between groups were: −2.7 mg (98.3%
confidence interval −9.3 to 3.7), P=0.30 between
DX1 and DX2; 7.8 mg (0.7 to 14.7), P=0.008 between
DX1 and placebo; and 10.7 mg (4.0 to 17.3), P<0.001
between DX2 and placebo. Postoperative pain was
reduced at 24 hours with one dose, and at 48 hours
with two doses, of dexamethasone.
CONCLUSION
Two doses of dexamethasone reduced morphine
consumption during 48 hours after total knee
arthroplasty and reduced postoperative pain.
TRIAL REGISTRATION
Clinicaltrials.gov NCT03506789.

Introduction
Total knee arthroplasty is a common procedure.
Worldwide, more than 1 000 000 procedures are
performed annually, and with ageing populations
this number is expected to increase markedly.1-3
The procedure is associated with moderate to severe
postoperative pain.4 5
Multimodal analgesic treatment is recommended
for management of pain after total joint arthroplasty.6
Dexamethasone is often used as part of this treatment
and for treatment of nausea after surgery.7 8 The
evidence for the adjuvant analgesic effects of
dexamethasone after total knee arthroplasty is of very
low certainty, however, as the literature is dominated
by small underpowered trials and therefore with risks
of bias and random errors.9-12 The potential analgesic
effects of glucocorticoids as an adjuvant are probably
due to their anti-inflammatory properties, including
suppression of proinflammatory cytokines and
induction of anti-inflammatory cytokines, reduction of
prostaglandin synthesis, and with possible lowering of
the excitability of nerve cells.13 14
We therefore conducted the DEXamethasone twice
for pain treatment after Total Knee Arthroplasty (DEX2-TKA) trial to investigate the potential beneficial and
harmful effects of one and two doses of intravenous
dexamethasone (24 mg) as an adjuvant treatment to
a standard non-opioid analgesic regimen in adults
1
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Effect of dexamethasone as an analgesic adjuvant to multimodal
pain treatment after total knee arthroplasty: randomised clinical
trial
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Methods
Trial design and setting
DEX-2-TKA was a multicentre, randomised, blinded,
placebo controlled trial in participants undergoing
primary total knee arthroplasty, conducted to
investigate the effects of dexamethasone on morphine
consumption, levels of postoperative pain, adverse
events, and serious adverse events.
Our methodology is described in detail in the
protocol article,17 in the protocol available at https://
www.appraz.dk, and in the statistical analysis plan.18
The trial was conducted at one private and four public
Danish hospitals. Written informed consent was
obtained from all participants before enrolment. The
trial protocol cohered with the SPIRIT statement and
was approved by the Regional Committee on Health
Research Ethics, Region Zealand, the Danish Medicines
Agency, and the Danish Data Registration Agency.
The trial was monitored by the good clinical practice
units at Copenhagen and Odense University Hospitals,
Denmark. Trial reporting was in alignment with
the CONSORT (consolidated standards of reporting
trials) 2010 guidelines. We take full responsibility for
adherence of the trial to the protocol, accuracy, and
completeness of data and analyses, and the reporting
of adverse events. Two investigators prepared the trial
database independently to secure accuracy of the data.
Based on the masked results, agreement was reached
by members of the steering committee on six possible
final abstracts (27 October 2020), before the group
identity of the trial was disclosed.
All participants scheduled for primary, unilateral
total knee arthroplasty were screened for enrolment.
Key exclusion criteria were either contraindications
or allergy to the drugs used in the trial. A daily use of
opioids up to 30 mg oral morphine equivalents was
allowed. Daily use of methadone or use of systemic
glucocorticoids within the past three months was
not allowed. The full inclusion and exclusion list is
provided in eappendix 1.
Intervention
Participants were randomised to one of three
intervention groups: DX1 (intravenous dexamethasone
(24 mg, 6 mL)+placebo (6 mL saline 0.9%)); DX2
(intravenous dexamethasone (24 mg)+intravenous
dexamethasone (24 mg)); or placebo (placebo+placebo),
2

with allocation numbers provided by a web based
central database (easytrial.net). The first dose of the
trial drugs was administered after onset of spinal or
general anaesthesia, and the second dose 24 hours
after the end of surgery. Administration of both doses
of the drugs was overseen by investigators in the trial.
Randomisation to the three groups in a 1:1:1 ratio
was performed by an external trial collaborator,
using a computer generated randomised sequence
(randomisation.com) with varying block sizes (either
three, six, or nine) unknown to the investigators, and
with stratification for site. The trial drug was prepared
in identical ampoules (efig 1) and was packed
and masked by Skanderborg Pharmacy, Denmark.
Participants, staff, investigators, surgeons, outcome
assessors, statisticians, and those drawing conclusions
were blinded to the intervention.17
The type of total knee arthroplasty and surgery
was decided solely by the surgeon (16 surgeons,
including all sites), and inserted components were
either cemented, cement less, or hybrid. All sites used
a standard medial parapatellar approach, no standard
use of surgical drainage, and started early mobilisation
of patients within six hours after surgery. All patients
received 1 g of tranexamic acid perioperatively.
Participants received spinal (preferred) or general
anaesthesia. For spinal anaesthesia, bupivacaine
heavy 10-15 mg was used and combined with
propofol infusion if sedation was needed. For general
anaesthesia, propofol and remifentanil were preferred,
and at the end of surgery intravenous sufentanil (0.3
μg/kg) was administered.
All participants were provided with a patient
controlled analgesia pump (morphine 1 mg/mL, bolus
2 mg, lock out six minutes, no background infusion)
for 24 hours postoperatively. Additional boluses of 2
mg morphine, if requested by the participant, were
allowed in the first hour after stopping anaesthesia.
During the following 24 to 48 hours the participants
had access, on demand, to 10 mg oral morphine tablets.
Any other opioid administered during the first 48 hours
postoperatively (owing to a mistake, malfunction of
the morphine pump, or other circumstances) was
converted to intravenous morphine equivalent dose
(etable 1) and added to the total intravenous morphine
consumption for the primary outcome.17
All participants received a non-opioid pain
alleviation regimen according to the protocol, which
comprised oral paracetamol 1 g and ibuprofen 400
mg given one hour before, and every six hours after,
surgery. In addition, the surgeon injected local
infiltration analgesia with 150 mL ropivacaine 1.333
mg/mL into the rear and front capsule, intra-articularly
according to a standardised regimen.17 Peripheral
regional anaesthesia and any non-protocolised pain
medication were not allowed. Treatment that had
started before admittance to hospital, with morphine,
oxycodone, tramadol, gabapentinoids, or selective
serotonin reuptake inhibitors, was continued. These
habitually used opioids were not included in the
primary outcome.
doi: 10.1136/bmj-2021-067325 | BMJ 2022;376:e067325 | the bmj
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after primary total knee arthroplasty. The dose of
dexamethasone 24 mg corresponded to that of
previous studies in total knee arthroplasty using a
single perioperative dose of methylprednisolone 125
mg.10 15 This trial was supported by a review calling for
large trials with higher doses of dexamethasone than
used for the treatment of nausea and vomiting, which
might improve the treatment of pain.16
Our hypothesis was that 24 mg intravenous
dexamethasone as an adjuvant to multimodal
pain treatment would reduce postoperative opioid
consumption and pain, and that two doses would be
better than one.
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Statistical analysis
Because three intervention groups were included, we
used an α of 0.0167 (Bonferroni correction; two sided)
in the sample size calculation. Hence we predefined our
sample size as 486 participants (including a surplus of
15% to take into account the presumed non-normally
distributed data) to detect or reject a group difference
of 10 mg of intravenous morphine with 90% power.17
We predefined 10 mg of intravenous morphine as
minimal important difference, corresponding to a
22% reduction in morphine consumption based on
unpublished clinical data from a sample of 46 patients
at Næstved Hospital using mean (standard deviation)
45.0 (22.7) mg intravenous morphine.17 A minimal
important difference of 10 mm was predefined for pain
intensity levels using a visual analogue scale.20
Statistical analyses were performed by two
independent statisticians (JCJ and AKN) who were
the bmj | BMJ 2022;376:e067325 | doi: 10.1136/bmj-2021-067325

blinded to the trial group assignments. We conducted
the primary analysis in the intention-to-treat population,
defined as all randomised participants. Analyses of
the primary outcome were performed using the nonparametric van Elteren test as pairwise comparisons of
the three groups adjusted for site. Group differences were
calculated as Hodges-Lehmann median difference and
presented with Bonferroni adjusted 98.3% confidence
intervals. It was specified post hoc to report HodgesLehmann median differences to quantify the effect
size of dexamethasone. We chose to report HodgesLehmann confidence intervals rather than bootstrapped
confidence intervals because they provide a better
description of the uncertainty of the result, together with
the predefined van Elteren test for significance. Median
differences are presented in the etables 7 and 8.
For all other outcomes, the significance level was a
P value of <0.05 and accordingly, with no adjustments
for multiplicity in the presentation of confidence
intervals. We planned to analyse pain intensity levels
using linear regression, but because the predefined
underlying assumptions (parametric distribution)
behind linear regression were not fulfilled, we analysed
these data using the van Elteren test.21 Count data were
analysed using the van Elteren test, and dichotomous
outcomes were analysed using logistic regression.
Stata statistical software version 16.1 was used for all
analyses. Further details are provided in the statistical
analysis plan.18

Patient and public involvement
A panel of three patients have read and commented on
the participant information, and representatives for
the public in the ethical committee (elected regional
politicians) have ethically approved the trial. We did not
further involve patients or patient unions in the design
of the trial or analyses. The initiative to conduct this
trial was based on the researchers’ clinical experience
with patients’ pain and their pain treatment after total
knee arthroplasty. Thus generating a need to improve
the treatment of patients’ pain.
Results
Between 2 October 2018 and 9 March 2020, 485
participants were randomised and included in the
intention-to-treat analyses (fig 1). The intervention
groups were balanced with respect to baseline data
(table 1). The last follow-up data were collected on
7 June 2020. Data completeness was 97.3% for the
primary outcome. Missing data are presented in
etable 4. According to our statistical analysis plan no
imputation was performed.
Primary outcome
Median morphine consumption at 0-48 hours was
37.9 mg (interquartile range 20.7-56.7) in DX1, 35.0
mg (20.6-52.0) in DX2, and 43.0 mg (28.7-64.0) in
placebo (table 2 and fig 2). The van Elteren test showed
no difference between DX1 and DX2 (Hodges-Lehmann
median difference −2.7 mg; 98.3% confidence interval
−9.3 to 3.7; P=0.30), but showed a difference between
3
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Outcomes
The primary outcome was total opioid consumption in
milligrams of intravenous morphine equivalents 0-48
hours after the end of surgery. Secondary outcomes
were levels of pain intensity measured using a visual
analogue scale at 24 and 48 hours (score range: 0 mm
(no pain) to 100 mm (worst pain imaginable)) during
45° flexion of the knee, at rest, and the highest level
of pain experienced during the past 24 hours; and
adverse events during 0-24 and 24-48 hours.17
Explorative outcomes were serious adverse
events within 90 days (defined according to the
International Council for Harmonisation good clinical
practice guidelines,19 except “prolongation of stay in
hospital”); levels of nausea, sedation, and dizziness
reported by participants at 24 and 48 hours (none v
mild, moderate, or severe); and number of vomiting
episodes, and use of additional antiemetic agents
(ondansetron and droperidol) in the periods 0-24 and
24-48 hours.17
Additional explorative outcomes are reported in
etable2: total opioid consumption in milligrams of
intravenous morphine equivalents 0-24 and 24-48
hours after the end of surgery; pain intensity levels
(visual analogue scale) during 45° flexion of the knee,
and at rest at six hours; levels of nausea, sedation, and
dizziness reported by participants at six hours (none
v mild, moderate, or severe); at 24 and 48 hours, the
average level of pain experienced during the past 24
hours; quality of sleep assessed at 24 and 48 hours
(very/fairly good v fairly/very bad); level of fatigue
reported by participants at 24 and 48 hours (none v
mild, moderate, or severe); and time for, and maximum
pain during, “timed up and go” test at 24 hours. We,
furthermore, performed a post hoc analysis to show the
level of patient acceptable pain state (visual analogue
scale ≤33 mm) in the different trial groups (etable 5).20
The exploratory outcomes—namely, a questionnaire
on pain, sleep, and overall satisfaction for postoperative
days 3-7; and the Oxford knee score and EQ-5D-5L at
90 days and one year, will be published elsewhere as
separate publications.
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370
232
185
76
47
45
34
33
24
21
14
11
10
9
3

1114
Excluded
Logistic reasons
Declined
Contraindications against drugs used in
the trial
Allergy against drugs used in the trial
Unable to adhere
BMI <18 or >40
Daily use of opiods (high dose)
Not Danish speaking
Use of systemic glucocorticoids
No primary total knee arthroplasty
Drug or alcohol abuse
Daily use of methadone or opioid patches
Participating in another trial
Dysregulated diabetes
American Society of Anesthesiologists
score >3

485
Randomised

161
Allocated to 24 mg
dexamethasone + placebo

3
Excluded
2 No 48 hour data
1 Allergy to morphine
158
Included in primary
outcome analysis

162
Allocated to 24 mg
dexamethasone + 24 mg
dexamethasone
6
Excluded
5 No 48 hour data
1 No morphine data
156
Included in primary
outcome analysis

162
Allocated to
placebo + placebo

4
Excluded
3 No 48 hour data
1 Declined morphine
158
Included in primary
outcome analysis

Fig 1 | Screening, randomisation, and primary outcome population

DX1 and placebo (7.8 mg; 0.7 to 14.7, P=0.008),
and between DX2 and placebo (10.7 mg; 4.0 to 17.3;
P<0.001; table 2). The Hodges-Lehmann median
difference reduction of morphine consumption in DX1
compared with placebo was below the predefined
minimal important difference, but for reduction
of morphine consumption in DX2 compared with
placebo was above the predefined minimal important
difference. The calculated median difference at a
group level between DX2 and placebo was 8 mg, and
this difference was below the predefined minimal
important difference. All median differences for the
primary and secondary outcomes have been calculated
and are included in the appendix (etables 7 and 8).

Secondary outcomes
The median pain intensity levels at 24 hours during
knee flexion were 50 mm (interquartile range 32-69.5)
in DX1, 50 mm (35-68) in DX2, and 60 mm (44-80) in
placebo. No difference was found between DX1 and
DX2 (table 3). The van Elteren test showed a difference
between DX1 and placebo (Hodges-Lehmann median
4

difference 10 mm; 95% confidence interval 4 to 15;
P<0.001), and between DX2 and placebo (10 mm; 5 to
15; P<0.001). These reductions of pain in DX1 and DX2
compared with placebo both reached the predefined
minimal important difference.
The median pain intensity levels at 24 hours at rest
were 20 mm (interquartile range 8-31) in DX1, 20
mm (10-35) in DX2, and 24.5 mm (14-45) in placebo.
No difference was found between DX1 and DX2. The
van Elteren test showed a difference between DX1
and placebo (Hodges-Lehmann median difference 7
mm; 95% confidence interval 3 to 11; P=0.001), and
between DX2 and placebo (5 mm; 0 to 10; P=0.031).
These reductions of pain in DX1 and DX2 compared
with placebo were both below the predefined minimal
important difference.
Median levels for highest pain intensity at 0-24
hours were 70 mm (interquartile range 50-85) in DX1,
69 mm (50-82) in DX2, and 80 mm (66-90) in placebo.
No difference was found between DX1 and DX2. The
van Elteren test showed a difference between DX1
and placebo (Hodges-Lehmann median difference 10
doi: 10.1136/bmj-2021-067325 | BMJ 2022;376:e067325 | the bmj
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Assessed for eligibility
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Intervention group
Baseline characteristics:
Mean (SD) age (years)
Male sex
American Society of Anesthesiologists physical status:
  Healthy
   Mild systemic disease
   Severe systemic disease
Mean (SD) height (cm)
Mean (SD) weight (kg)
Mean (SD) BMI
Type 2 diabetes
  Insulin treatment
   Other diabetic treatment
Previous daily use (past month) of analgesic drug treatment:
  Paracetamol
  NSAIDs
  Gabapentinoids
  Antidepressants
  Opioids
   Morphine
   Oxycodone
   Tramadol
Median (IQR) amount of opioid used (mg):
  Morphine
  Oxycodone
  Tramadol
Perioperative characteristics:
Median (IQR) duration of surgery (min)
Type of knee arthroplasty:
  Cemented
  Cement less
  Hybrid
Type of anaesthesia:
  Spinal
  General
   Conversion of spinal to general
Mean (SD) amount of sufentanil used if general anaesthesia (μg)
Median (IQR) amount of bupivacaine in spinal anaesthesia (mg)
Median (IQR) intraoperative blood loss (mL)*
Administration of 4 mg ondansetron PONV prophylaxis
Administration of local infiltration analgesia

DX1 (n=161)

DX2 (n=162)

Placebo (n=162)

69 (9)
80 (50)

67 (9)
75 (46)

68 (9)
74 (46)

28 (17)
102 (63)
31 (19)
173 (10)
86 (17)
29 (5)
16 (10)
5 (3)
14 (9)

28 (17)
114 (70)
20 (12)
172 (9)
88 (15)
30 (4)
16 (10)
3 (2)
14 (9)

19 (12)
120 (74)
23 (14)
172 (10)
89 (16)
30 (4)
17 (10)
4 (2)
13 (8)

72 (45)
37 (23)
3 (2)
4 (2)
3 (2)
2 (1)
0 (0)
1 (1)

71 (44)
36 (22)
2 (1)
3 (2)
8 (5)
5 (3)
1 (1)
3 (2)

75 (46)
38 (23)
1 (1)
7 (4)
5 (3)
1 (1)
0 (0)
4 (2)

12.5 (11.3-13.8)
NA
100 (100-100)

15 (10-20)
20
100 (75-125)

20 (20-20)
NA
100 (87.5-113)

61 (55-71)

62 (53-73)

63 (54-71)

97 (60)
5 (3)
59 (37)

96 (59)
2 (1)
64 (40)

94 (58)
4 (2)
64 (40)

128 (80)
30 (19)
3 (2)
26.6 (6.1)
11 (10-11.5)
150 (50-250)
140 (87)
157 (98)

131 (81)
28 (17)
3 (2)
26.2 (4.7)
11 (10-12)
150 (100-200)
146 (90)
162 (100)

132 (81)
26 (16)
4 (2)
27.8 (8.7)
11 (10-12)
150 (56-250)
151 (93)
161 (99)

DX1=dexamethasone (24 mg)+placebo; DX2=dexamethasone (24 mg)+dexamethasone (24 mg); IQR=interquartile range; NA=not available;
NSAIDs=non-steroidal anti-inflammatory drugs; placebo=placebo+placebo; PONV=postoperative nausea and vomiting; SD=standard deviation.
*Intraoperative blood loss was registered at the end of surgery, comprising blood in the suction bottle and gauze.

mm; 95% confidence interval 5 to 15; P<0.001), and
between DX2 and placebo (10 mm; 5 to 15; P<0.001).
These reductions of pain in DX1 and DX2 compared
with placebo both reached the predefined minimal
important difference.
Median pain intensity levels at 48 hours during
knee flexion were 55 mm in DX1 (interquartile range
40-70), 40 mm (30-50) in DX2, and 50 mm (35-63.5)

in placebo. The van Elteren test showed (table 3) a
difference between DX1 and DX2 (Hodges-Lehmann
median difference −15 mm; 95% confidence interval
−20 to −10; P<0.001), between DX1 and placebo
(−6 mm; −10 to 0; P=0.011), and between DX2 and
placebo (10 mm; 3 to 11; P=0.003). These reductions
of pain in DX2 compared with both DX1 and placebo
reached the predefined minimal important difference.

Table 2 | Primary outcome
Intervention group
Median (IQR) morphine consumption at 0-48 h (mg)
DX2 and placebo compared with DX1:
Difference (98.3% CI), mg
P value
Placebo compared with DX2:
Difference (98.3% CI) mg
P value

DX1
37.9 (20.7-56.7)

DX2
35.0 (20.6-52.0)

Placebo
43.0 (28.7-64.0)

NA
—

−2.7 (−9.3 to 3.7)
0.30

7.8 (0.7 to 14.7)
0.008

NA
—

NA
—

10.7 (4.0 to 17.3)
<0.001

DX1=dexamethasone (24 mg)+placebo; DX2=dexamethasone (24 mg)+dexamethasone (24 mg); NA=not available; placebo=placebo+placebo.
Differences between medians are calculated using Hodges-Lehmann. P values are calculated using the van Elteren test.

the bmj | BMJ 2022;376:e067325 | doi: 10.1136/bmj-2021-067325

5

BMJ: first published as 10.1136/bmj-2021-067325 on 4 January 2022. Downloaded from http://www.bmj.com/ on 15 July 2022 by guest. Protected by copyright.

Table 1 | Patient baseline and perioperative characteristics. Data are number (%) of patients unless stated otherwise

20

and placebo both reached the predefined minimal
important difference.
The incidence of adverse events at 0-48 hours was
seven in DX1, four in DX2, and 10 in placebo (etable
3). Logistic regression showed no difference between
the groups.

DX1

15
10

Explorative outcomes
The incidence of participants with a serious adverse
effect was 21 in DX1, 9 in DX2, and 18 in placebo (table
4). Logistic regression showed a difference between
DX1 and DX2 (odds ratio 0.39; 95% confidence
interval 0.17 to 0.88; P=0.02; etable 2). Incidences of
nausea, sedation, dizziness, vomiting, and antiemetic
consumption for the total intervention period were in
favour of DX1 and DX2 over placebo (etable 2). At 24
hours DX1 had a lower risk of nausea and sedation
than DX2. All other explorative outcomes and the
post-hoc analysis of patient acceptable pain state are
presented in the appendix (etables 2 and 5).

5

No of participants

0
20

DX2

15
10
5

No of participants

0
20

Placebo

15
10
5
0

0

50

100

150

200

250

0-48 hour morphine consumption (mg)
Fig 2 | Distribution of morphine consumption according to group 0-48 hours
postoperatively. Vertical dashed yellow lines indicate median level of morphine
consumption. DX1=dexamethasone (24 mg)+placebo; DX2=dexamethasone (24
mg)+dexamethasone (24 mg); placebo=placebo+placebo

Median pain intensity levels at 48 hours at rest were
30 mm (interquartile range 10-40) in DX1, 15 mm (930) in DX2, and 20 mm (10-35) in placebo. The van
Elteren test showed a difference between DX1 and DX2
(Hodges-Lehmann median difference −10 mm; 95%
confidence interval −12 to −5; P<0.001), between DX1
and placebo (−3 mm; −10 to 0; P=0.01), and between
DX2 and placebo (5 mm; 0 to 10; P=0.003). The
reduction of pain in DX2 compared with DX1 reached
the predefined minimal important difference.
Median level for highest pain intensity level at 24-48
hours was 70 mm in DX1 (interquartile range 50-84),
60 mm in DX2 (40-71), and 70 mm in placebo (52-80).
The van Elteren test showed a difference between DX1
and DX2 (Hodges-Lehmann median difference −10
mm; 95% confidence interval −20 to −10; P<0.001); no
difference between DX1 and placebo; and a difference
between DX2 and placebo (11 mm; 10 to 20; P<0.001).
These reductions of pain in DX2 compared with DX1
6

Discussion
Principal findings
The main finding of this randomised, blinded,
multicentre, clinical trial was that both one and two
doses of dexamethasone, as an adjuvant to multimodal
pain treatment with paracetamol, ibuprofen, and local
infiltration analgesia, reduced morphine consumption
after total knee arthroplasty, with the effect size of
two doses reaching the predefined minimal important
difference. We predefined the minimal important
difference in intravenous morphine consumption as
10 mg. This choice of minimal important difference of
opioid reductions is in line with other postoperative
pain trials,22-26 but is arbitrary, as no generally accepted
standard exists for a minimal important difference
of postoperative morphine sparing. The reduction in
morphine consumption of patients found in this trial
corresponds to almost 25%, even with dexamethasone
as an adjuvant to three non-opioid analgesic
interventions. Nevertheless, to avoid overemphasis on
statistical significance of trial results that might have
questionable importance for patients, it is essential
to predefine minimal important differences for all
outcomes. All participants received a comprehensive
multimodal non-opioid treatment, and the reduction in
morphine use with dexamethasone must be considered
in this context. Similarly, we predefined a minimal
important difference for reduction in pain intensity
levels (visual analogue scale) of 10 mm, which is
in line with previously reported patient important
reductions.20 27 We found patient important reductions
of pain for the two groups receiving dexamethasone
at 24 hours, but at 48 hours only the group receiving
a second dose of dexamethasone displayed such
reductions.
In line with several other trials on pain after total
joint arthroplasty,28 we chose morphine consumption
as our primary outcome. The differences in the opioid
use decided by the patient show the differences in pain
relief achieved (that is, analgesic efficacy) between the
doi: 10.1136/bmj-2021-067325 | BMJ 2022;376:e067325 | the bmj
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No of participants
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Intervention Group
Pain intensity level; knee flexion at 24 h (mm)
DX2 and placebo compared with DX1:
   Difference (95% CI), mm
  P value
Placebo compared with DX2:
   Difference (95% CI), mm
  P value
Pain intensity level at rest at 24 h (mm)
DX2 and placebo compared with DX1:
   Difference (95% CI), mm
  P value
Placebo compared with DX2:
   Difference (95% CI), mm
  P value
Level for highest pain intensity 0–24 h (mm)
DX2 and placebo compared with DX1:
   Difference (95% CI), mm
  P value
Placebo compared with DX2:
   Difference (95% CI), mm
  P value
Pain intensity level; knee flexion at 48 h (mm)
DX2 and placebo compared with DX1:
   Difference (95% CI), mm
  P value
Placebo compared with DX2:
   Difference (95% CI), mm
  P value
Pain intensity level at rest at 48 h (mm)
DX2 and placebo compared with DX1:
   Difference (95% CI), mm
  P value
Placebo compared with DX2:
   Difference (95% CI), mm
  P value
Level for highest pain intensity 24–48 h (mm)
DX2 and placebo compared with DX1:
   Difference (95% CI), mm
  P value
Placebo compared with DX2:
   Difference (95% CI), mm
  P value
Adverse events 0–48 h, No (%)
DX2 and placebo compared with DX1:
   Odds ratio (95% CI)
   P value (logistic regression)
Placebo compared with DX2:
   Odds ratio (95% CI)
   P value (logistic regression)

DX1
50 (32-69.5)

DX2
50 (35-68)

Placebo
60 (44-80)

NA
—

0 (−5 to 5)
0.91

10 (4 to 15)
<0.001

NA
—
20 (8-31)

NA
—
20 (10-35)

10 (5 to 15)
<0.001
24.5 (14-45)

NA
—

2 (−1 to 6)
0.25

7 (3 to 11)
0.001

NA
—
70 (50-85)

NA
—
69 (50-82)

5 (0 to 10)
0.031
80 (66-90)

NA
—

0 (−5 to 5)
0.81

10 (5 to 15)
<0.001

NA
—
55 (40-70)

NA
—
40 (30-50)

10 (5 to 15)
<0.001
50 (35-63.5)

NA
—

−15 (−20 to −10)
<0.001

−6 (−10 to 0)
0.011

NA
—
30 (10-40)

NA
—
15 (9-30)

10 (3 to 11)
0.003
20 (10-35)

NA
—

−10 (−12 to −5)
<0.001

−3 (−10 to 0)
0.01

NA
—
70 (50-84)

NA
—
60 (40-71)

5 (0 to 10)
0.003
70 (52-80)

NA
—

−10 (−20 to −10)
<0.001

0 (−5 to 5)
0.89

NA
—
7 (4.3)

NA
—
4 (2.5)

11 (10 to 20)
<0.001
10 (6.2)

NA
—

0.55 (0.15 to 1.92)
0.35

1.48 (0.53 to 4.09)
0.45

NA
—

NA
—

2.75 (0.82 to 9.25)
0.10

DX1=dexamethasone (24 mg)+placebo; DX2=dexamethasone (24 mg)+dexamethasone (24 mg); NA=not available; placebo=placebo+placebo.
Pain intensity levels as visual analogue scale, 0-100 mm. Differences between medians are calculated using Hodges-Lehmann. P values are calculated
using the van Elteren test unless stated otherwise.

intervention and placebo groups and can therefore
be considered as a valid surrogate outcome mirroring
patients’ total pain. Furthermore, a reduction in
postoperative opioid consumption has potential
advantages in reducing opioid related adverse effects.29
Also, a lower perioperative opioid use is important as it
might reduce the risk of prolonged opioid use.30
We detected no differences in patient reported
adverse events within 0-48 hours between the groups.
We found fewer serious adverse events within 90 days
for patients receiving two doses of dexamethasone
rather than one, but this might be a random finding
as our trial was not powered for this outcome.
the bmj | BMJ 2022;376:e067325 | doi: 10.1136/bmj-2021-067325

Dexamethasone seemed to reduce postoperative opioid
related adverse effects such as nausea, vomiting,
sedation, and dizziness.
The benefit we showed of a 48 hour difference of 10
mg of intravenous morphine should, however, always
be interpreted, in the light of possible, but rare, serious
adverse events—for example, hyperglycaemia, mania,
or infections, that might not be disclosed owing to
the size of the trial and the duration of follow-up. The
safety aspects of perioperative glucocorticoid use have
been investigated in other studies. Firstly, Jørgensen et
al15 investigated safety aspects of perioperative use of
125 mg methylprednisolone in a prospective cohort of
7
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Table 3 | Secondary outcomes. Data are median (interquartile range) unless stated otherwise
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Intervention group
Related to surgery:
Surgical site infection
Wound related problems
Mechanical problems with the prosthesis
Subtotal
Medical problems after surgery:
Pneumonia
Deep vein thrombosis/lung embolism
Dyspnoea
Morphine side effects
Cardiovascular
Cerebral
Constipation
Pain
Hospital admittance >4 days
Low haemoglobin
Subtotal
“Not” related to the surgery:
Infection: not anatomically related
Fracture, not anatomically related
Cancer
Unknown
Subtotal
Total

DX1

DX2

Placebo

2
2
2
6

1
—
—
1

5
—
7
12

—
1
—
1
1
2
1
1
1
1
9

1
3
1
—
2
—
—
—
—
—
7

—
1
1
—
1
—
—
—
2
1
6

3
1
1
1
6
21

1
—
—
—
1
9

—
—
—
—
0
18

DX1=dexamethasone (24 mg)+placebo; DX2=dexamethasone (24 mg)+dexamethasone (24 mg);
placebo=placebo+placebo.

1442 patients with total knee arthroplasty, and found
no association with length of stay of more than four
days, readmissions, or infectious complications at
follow-up at both 30 and 90 days compared with 2485
patients who did not receive methylprednisolone.
Secondly, the long term (12 month) outcomes were
also investigated in a randomised trial of 4494
patients undergoing cardiac surgery using 1 mg/kg
of intravenous dexamethasone.31 The trial authors
concluded that perioperative dexamethasone had
no effect on the risk of major adverse events. Thirdly,
a recent abridged version of a Cochrane systematic
review investigated adverse effects of dexamethasone
in patients undergoing surgery and found no
association with wound infection, unclear influence on
wound healing, and only a minimal increase in blood
glucose of 0.7 mmol/L in patients without diabetes.32
A recently published trial of 8725 patients receiving
8 mg dexamethasone or placebo concurs with the
aforementioned findings as it showed no difference
in surgical site infection and no difference in safety
outcomes between the groups.33
Participants in the three trial groups had a minor
difference in opioid consumption before surgery (table
1). The number of patients using opioids (morphine,
oxycodone, and tramadol) before surgery (at home)
was 17, corresponding to 3.5%, and opioid tolerance
is probably not a concern for such low doses (<30 mg
oral morphine per day).

Comparison with other studies
A recent review of total hip and knee arthroplasties
included no low risk of bias trials, but suggested
beneficial effects of glucocorticoids, which needed
confirmation from further trials.11 Our results concur
8

with most previous, but smaller, trials for the effect
of high dose (>20 mg dexamethasone equivalent)
glucocorticoid on morphine consumption and
pain scores.10 34-39 This DEX-2-TKA low risk of bias
trial shows a statistically and patient important
adjuvant analgesic effect of two doses of high dose
dexamethasone, and with follow-up at 90 days.

Strength and limitations
Our trial has several strengths. Firstly, our methodology
was predefined before starting the trial, and similarly,
the detailed statistical analysis plan was published
before the analysis of trial data began. Secondly,
participants, staff, investigators, surgeons, outcome
assessors, statisticians, and those drawing conclusions
were blinded to the intervention. Thirdly, the trial
had a pragmatic design and broad inclusion criteria
for participation, giving clinical relevance of trial
results to patients undergoing total knee arthroplasty.
Combined with a multicentre setup, this trial broadly
mimics daily clinical routines assuring a high external
validity of our findings. Lastly, our primary outcome
(48 hour escape morphine use) is a cumulative proxy
measure of patients’ total pain, which increases the
clinical importance of this outcome.
Our trial also has limitations. Firstly, our results
on opioid consumption and pain levels are limited to
the first 48 hours after surgery, so the potential long
term adjuvant analgesic effects of dexamethasone are
unclear based on our results. Secondly, we did not
include a quality of recovery measure, which might have
increased information on the effect of glucocorticoids
on postoperative rehabilitation. Thirdly, we tested the
effects of one and two doses of 24 mg dexamethasone
and therefore cannot conclude that other doses and
treatment regimens of dexamethasone might have
adjuvant analgesic effects. Fourthly, as reported in the
statistical analysis plan, no previous reliable reports
of follow-up data at 48 hours for selected secondary
and explorative outcomes exist. Therefore, power
estimations of non-primary outcomes in this trial
are uncertain. This uncertainty requires reservations
about reaching a clear cost-benefit conclusion
between the positive effects of the intervention and
the possible risk for the patients. Fifthly, the choice
of anaesthetic technique was at the discretion of the
anaesthetist, which might have affected the outcomes.
The type of spinal and general anaesthesia was
standardised and according to protocol, however,
and was balanced between the three groups (table
1). Sixthly, blood sugar levels were not assessed as
an outcome, but in previous trials the rise in blood
sugar caused by dexamethasone was shown to be
negligible.32 40 41 Thus we excluded only participants
with dysregulated diabetes. Seventhly, we recognise
that the risk of remifentanil administered to patients
operated on under general anaesthesia might result in
postoperative opioid induced hyperalgesia, although
the clinical effect is debateable.42 43 Eighthly, we did
not systematically involve patients or patient unions in
the construction of the trial and trial protocol, which
doi: 10.1136/bmj-2021-067325 | BMJ 2022;376:e067325 | the bmj
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Table 4 | Types of serious adverse events (follow-up at 90 days). Data are numbers
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Conclusions
In conclusion, two doses of dexamethasone, as
an adjuvant to a multimodal pain treatment with
paracetamol, ibuprofen, and local infiltration
analgesia, reduced morphine consumption and pain
after total knee arthroplasty.
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might have improved the choice of trial outcomes.
Ninthly, the pragmatic design might introduce a small
difference in how each patient was treated, from the
type of operation to the way in which rehabilitation
at the ward was handled. This randomised clinical
trial comprised a predefined sample size, which was
reached, and the randomisation and stratification
for site should result in similar distributions of the
surgical and rehabilitative methods in the groups
compared. Furthermore, each site followed uniform
local standard protocols, and analyses showed no
interaction between site and the trial interventions.
Tenthly, our measurement of intraoperative blood loss
does not allow firm conclusions to be reached about
the effects of intervention on perioperative blood loss,
as such measurements are complex, and also include,
for example, postoperative and hidden blood losses.44
Lastly, our trial does not offer evidence transferable to
patients who did not fulfil the eligibility criteria—in
particular, patients with BMI above 40 or who used
opioids above 30 mg of oral morphine equivalent dose
before surgery.
We did not specify how to estimate the median
difference we would use to assess if our predefined
minimal difference was reached.17 18 The adjuvant
analgesic effects of dexamethasone could be tested by
comparing medians between groups (at group level).
The real interest is the potential adjuvant analgesic
effect at the individual level, however, and here the
Hodges-Lehmann median difference analysis shows
the median differences between individual patients.
We (and others45) therefore consider Hodges-Lehmann
to be a more relevant analysis, and that analysing data
using Hodges-Lehmann leads to more patient relevant
results.
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Dissemination to participants and related public communities:
Recruited participants will be informed (if they consented hereto)
about the results of the trial and what intervention they received. A lay
summary will be also made available for trial participants at the trial
home page. The participating departments will be informed about the
trial results. We will draw attention to the trial results and published
manuscript on Twitter and LinkedIn. Furthermore, a press release will
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