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Abstract

Background: The value of pulsed electromagnetic field (PEMF) in postoperative pain management, due to the
inconsistent findings so far, remains unclear. We extended the evaluation of PEMF on postoperative pain and intrave-
nous (IV) analgesic use to a group of post-appendicectomy Asian patients.

Methods: This is a double-blinded, randomized trial. Adults with a clinical diagnosis of acute appendicitis were
enrolled. Patients were allocated randomly to receive an active-PEMF device or an inactive device after the surgery in
addition to the standard postoperative pain management. The primary outcome measure was the 12-h cumulative
postoperative pain intensity measured at four different time points using the visual analogue scale. The secondary
outcome measure was the total amount of IV fentanyl used (in mg) via PCA over the first 12 postoperative hours.
The primary analysis in this trial compared the two study groups for the reported cumulative pain score (both at rest
and on movement) and the cumulative amount of IV fentanyl uses over the first 12 postoperative hours using the
Wilcoxon rank sum test. Analyses were performed based on the intention-to-treat principal. Multiple imputation was
used to handle the missing data assuming that the data were missing at random.

Findings: One hundred eighteen subjects were randomized; 58 were allocated to the active-PEMF group and 60 to
the inactive control group. Pooled mean pain score of both intervention groups by time point declined in a similar
fashion over the course of 12 postoperative hours. The 12-h cumulative postoperative pain score at rest and on move-
ment did not differ significantly after the procedure. (W=1832.5~1933.0, p-value 0.6192 ~0.2985 for resting pain
score comparison; W=1737.0~1804.5, p-value 0.9892 ~0.7296 for movement pain score comparison). For the sec-
ondary outcome measure of 12-h total fentanyl use, a comparison between the PEMF vs. placebo arm also revealed
no statistically significant difference across all the 20 imputed datasets (W=1676.5~ 1859.0, p-value 0.7344 ~0.5234).

Discussion: PEMF was not superior to placebo as an adjunct pain management for up to 12 h post-appendicectomy.
Previously reported effect of PEMF on postoperative pain intensity and analgesia uses in similar surgical settings can-
not be verified.

Trial registration: National Medical Research Register Malaysia (NMRR-15-670-25,805) and Thai Clinical Trials Registry
(retrospectively registered on November 01, 2019, Study ID—TCTR20191102002).
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Introduction

Acute appendicitis is one of the most common indica-
tions for surgery in patients admitted to the hospital for
acute abdominal pain [1, 2]. Urgent appendicectomy is
still the recommended treatment for acute uncompli-
cated appendicitis [3, 4]. Although emergency appen-
dicectomy is usually well tolerated by most patients,
postoperative pain is nevertheless an important post-
operative morbidity. It prolongs hospital stay, increases
healthcare costs and results in higher risks of various
long-term adverse outcomes [5]. Currently available
methods of postoperative pain management have unde-
sirable adverse effects and their effectiveness varies
across individuals [6, 7]. Epidural analgesia, a highly
effective postoperative pain control approach, requires
technical expertise that might not be readily available,
especially in a setting of limited resources. It also has a
number of contraindications and can potentially result
in complications [8]. Opioid use is similarly associ-
ated with various side effects [9]. Hence, a safer and
more effective post-appendicectomy pain management
approach is still highly sought after.

Evidence suggests that pulsed electromagnetic field
(PEMF) when applied to injured tissues has the prop-
erties of increasing the release of anti-inflammatory
cytokines, endogenous analgesic agents, and opioid pre-
cursor proteins in these tissues as well as reducing pro-
inflammatory cytokines and endogenous hyperalgesia
agents, thereby reducing pain and improving tissue heal-
ing [10, 11].{Rohde, 2010 #262;Chua, 2011 #264;Hagi-
wara, 2009 #265} Over the past decades, researchers
have tried PEMF for postoperative pain management
under different surgical scenarios, particularly on plas-
tic and oral surgeries [12—15]. Unfortunately, the results
were not sufficiently consistent. For example, Heden and
Pilla (2008) [12] reported a controlled trial of PEMF use
among 42 females with post-breast augmentation sur-
gery and found a large and significant effect (more than 3
times different). More recently, Khooshideh et al. (2017)
reported a placebo-controlled study of PEMF on post-
operative pain, analgesia uses and wound healing in 72
patients undergoing caesarean section [16]. The study
found that patient-reported pain score and analgesia uses
were significantly lower among those assigned to PEMF
vs. the placebo control. On the other hand, Stocchero and
colleagues in 2014 [15] showed negative findings after
comparing similar measures of pain score and analgesia
use among those who have undergone unilateral man-
dibular third molar extraction via a randomized blinded
study. Similar negative results have also been reported in
a number of controlled studies: post blepharoplasty [17],
breast augmentation [18] and dental implantation proce-
dure [14].
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The value of PEMF on postoperative pain management,
due to the inconsistent findings so far, remains unclear.
In this study, we extended the evaluation of PEMF on
postoperative pain and intravenous (IV) analgesic use
to a group of post-appendicectomy Asian patients. We
hypothesized that, if PEMF therapy does improve post-
operative pain in appendicectomy, IV fentanyl use via
PCA is expected to reduce while the perceived postop-
erative pain will at least remain (if not reduced concur-
rently). The logical framework of the study hypothesis is
provided as Supplementary Material (1).

Materials and methods

Patients

We undertook a prospective, randomized, double-
blinded, placebo-controlled trial. The study took place
in the Hospital Tengku Ampuan Rahimah, Klang (a ter-
tiary referral centre) Malaysia. The study protocol was
reviewed by and registered with the National Medical
Research Register, Malaysia (NMRR-15-670-25,805)
prior to the enrolment of the first subject. Additional
registration of the study protocol to the Thai Clinical Tri-
als Registry was also performed retrospectively (Study
ID: TCTR20191102002). All patients provided signed
informed consent. The trial started its recruitment on
1st August 2015 and ended on 31st December 2015 for
accomplishing the intended sample size.

All adults examined in the emergency department and
suspected to have acute appendicitis were assessed for
possible inclusion in the study. Patients were excluded if
one of the following criteria were present: age less than
19 years or more than 50, pregnancy or a positive preg-
nancy test, had underlying chronic pain or history of
long-term opioid use, appendicectomy lasted more than
3 h or inability to understand information about the
protocol or to sign the informed consent form. The on-
duty medical officers from the anaesthesiology depart-
ment enrolled the eligible patients. Patients eligible for
inclusion to the study were informed of the protocol and
invited to participate.

Randomization and masking

After informed consent was obtained, patients were indi-
vidually and randomly assigned to either the active PEMF
group or the control group (inactive PEMF) according to
the randomization schedule prepared prior to the trial
initiation. A simple randomization with a 1:1 allocation
ratio in this study. The on-call medical officer taking care
of the postoperative recovery room performed the ran-
dom assignment (by opening a consecutively numbered
envelope that contained the random allocation code)
before the operation and performed the placement of the
trial device onto the enrolled subjects after the operation.
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Opaque, sealed, identical and sequentially numbered
envelopes (SNOSE) were used.

The randomization schedule (with the allocation
codes) was generated by a trial researcher not involved in
the care of the trial subjects prior to the trial start. The
same researcher also prepared the numbered envelopes
according to the computer-generated schedule. A free,
web-based randomization schedule generator from www.
graphpad.com/quickcalcs/randomizel/ was used.

Procedures

Immediately after the appendicectomy, either an active
or an inactive PEMF device was placed on the surgi-
cal wound on top of the dressing for 12 h (see Fig. 1).
Patients were admitted to the hospital after the operation
irrespective of the trial intervention received.

The PEMF device used in this study (RecoveryRx,
BioElectronics Corp.) is a battery-powered 12-cm
elliptical coil radiofrequency energy generator (fre-
quency=27.1 MHz, pulse rate=1000 per second, pulse
duration =100 ms). The surface of the device was cleaned
and disinfected using 70% isopropyl alcohol wipes prior
to application. All visible soil (if any) were first removed
via the first wipe. A second wipe was then performed to
disinfect the device’s surface area. The wipe contacted the
whole device surface for at least 3 s during the disinfec-
tion process.

Appendicectomy was performed according to sur-
geons’ standard practice (via a McBurney incision). All
patients also received general anaesthesia according to
the standard protocol. Anaesthesia was induced with
IV fentanyl (1-1.5 pg/kg to a maximum of 100 pg) and
propofol (2-3 mg/kg), followed by a muscle relaxant of
the anaesthesiologists’ choice. All patients then receive
IV morphine 0.05 mg/kg intraoperatively. Surgery was
commenced after the patient was successfully anaes-
thetized. No local infiltration of any anaesthetic agents
was performed on the incised skin. All patients were

Fig. 1 PEMF device placed on the surgical wound on top of the
dressing for 12 h
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supplemented with patient-controlled analgesia (PCA)
with IV fentanyl postoperatively for 12 h.

Assessments and outcome measures

The primary outcome measure of this study was the 12-h
cumulative postoperative pain intensity measured at
four different time points using the visual analogue scale
(VAS). The secondary outcome measure was the total
amount of IV fentanyl used (in mg) via PCA over the first
12 postoperative hours. Participants were asked to report
their pain intensity based on the VAS. Pain intensity was
evaluated at 0, 4, 8, and 12 h after surgery. The require-
ment for PCA IV fentanyl postoperatively was recorded
by a research assistant.

The VAS is a unidimensional measure of pain inten-
sity [19]. It is a continuous scale comprised of a hori-
zontal line of 10 cm in length. The scale ranges from 0
(representing no pain) to 10 (representing worst imagi-
nable pain). Patients were educated on how to use and
report their pain with the VAS. They were also asked to
place a crossline on the unmarked horizontal scale at the
required times interval.

PCA is a pain control system which allows a patient
to self-administer a predetermined dose of analgesic
medication for pain relief [20]. Fentanyl is a mu-opioid
receptor agonist with strong analgesic effects, rapid
onset of action and a low risk of adverse effects [21]. IV-
PCA using fentanyl has been widely adopted globally for
postoperative pain management. We used the [CADD
Legacy PCA, model 6300; Smiths Medical International,
Kent, UK] PCA system in this study. The PCA system
was programmed as follows: bolus, 1 mL; lockout time,
5 min; maximum dose, 6 mL/h; no background infusion.
Infusion solutions containing 1.0 mg of fentanyl were
adjusted to 100 mL by dilution with saline (concentra-
tion of fentanyl, 10 ug/mL). The amount of IV fentanyl
used (in mg/dL) via the PCA system was recorded over
the first 12 h after the operation. It is expected that, if the
PEMEF therapy is effective in reducing postoperative pain,
lower amount of IV fentanyl would have been used via
the PCA.

The patients and the surgeons, nurses and other health-
care workers including the acute pain service (APS) team
involved with direct patient care were blinded to the allo-
cation group. The APS team provided all pain-related
clinical management to all study subjects. The research
assistant who collected the PCA data was also blinded to
the allocation. The identification of treatment was con-
cealed by using an identical yet inactive device.

Statistical analysis
This study was based on the notion that PEMF therapy
would reduce postoperative pain and analgesia use
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in appendicectomy. We estimated the required sam-
ple size based on the Wilcoxon rank sum test using the
Monte-Carlo simulation technique. In the simulation,
we assumed that the mean cumulative pain score in the
control group vs. the intervention was 1.0 and 2.0 respec-
tively. The expected difference of cumulative VAS pain
score was 1.0. [19]. A common standard deviation of 1.5
(for the pain score) for both groups was used [16]. The
sample size was then varied by simulation until the pro-
portion of significance (0.05) reaches the desired power
of 0.80. Thereafter, an additional 10% dropout rate was
added to the target sample size. The simulation was per-
formed using the MKpower package (https://cran.r-proje
ct.org/package=MKpower).

Based on the simulation, we found that a sample size
of 80 patients (in the ratio of 1:1 for intervention and
control group) would give an 80% power to establish
whether PEMF treatment was superior to placebo in rela-
tion to postoperative pain reduction. With the additional
consideration of potential dropout (10%) and round-
ing to the nearest full number, we determined that the
target sample size should be 100 (50:50 for control and
intervention).

To assess the hypothesized effect of PEMF on post-
operative pain, we compared the two study groups for
their reported cumulative pain score (both at rest and
on movement) and the cumulative amount of IV fentanyl
uses over the first 12 postoperative hours using the area-
under-the-curve (AUC) approach. For each subject, the
AUC for pain scores and IV fentanyl uses were calculated
by summing their values over thel2 postoperative hours.
The distribution of AUC for pain score and IV fentanyl
uses between the two study groups were compared using
the Wilcoxon rank sum test with continuity correction.
Analyses were performed based on the intention-to-treat
(ITT) principal. All reported p values are two-sided and
were not adjusted for multiple testing. We used R version
3.3.2 for all the analyses.

There were 21 subjects (17.8%) with at least one miss-
ing data on the primary outcome measure (pain score on
one of the 4 time points) and 28 subjects (23.7%) with at
least one missing data on the secondary outcome meas-
ure (IV fentanyl use on one of the 3 time points). Multiple
imputation by chained equations from the mice pack-
age in R was used to handle the missing data assuming
that the data were missing at random. Baseline variables
(including age, sex, BMI and race), trial variables (inter-
vention group and observational time) and outcome
variables (pain score and fentanyl use at each time point)
were used to form the imputation models. Predictive
mean matching with auto-generation of the predictor
matrixes was used. Twenty imputed datasets were gen-
erated for subsequent analyses. For visual assessment,
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the mean pain scores and IV fentanyl uses for each time
point across the imputed datasets were pooled according
to the Rubin rules and plotted on a line graph. For results
of the Wilcoxon rank sum test, pooling was not done due
to the expected non-normal distribution and small sam-
ple size. Instead, we directly reported the test statistics
(W) and p-values of each analysis performed on the 20
imputed datasets and summarized them by range.

To assess the stability of the conclusion to the miss-
ing-at-random assumption, a best-case and worst-case
sensitivity analysis was undertaken. Under the best-
case analysis, all PEMF subjects with missing data were
assigned with the 1st quartile value of pain score and IV
fentanyl use from the PEMF subjects with observed data
of the same time point. All placebo subjects with missing
data were assigned with the median value of pain score
and IV fentanyl use using the same approach. Under the
worst-case analysis, missing data were imputed in the
reverse fashion using 3rd quartile value for PEMF sub-
jects and the median value for the placebo subjects.

Results

A total of 118 subjects were enrolled and randomized:
58 were assigned to the active-PEMF group and 60 to
the inactive PEMF (control) group. 11 subjects from the
intervention group and 5 subjects from the control group
discontinued the assigned treatment before study com-
pletion due to the following reasons: accidental device
off, PCA not initiated due to patient factor, data collec-
tion/documentation error, accidental add-on analgesia
exposure, PCA machine malfunction, and allergic to IV
fentanyl. Ultimately, 47 subjects from the intervention
group and 55 subjects from the control group completed
the study per protocol. Per the ITT principal, all assigned
subjects were included for analysis of primary and sec-
ondary outcome measures (see Fig. 2).

Table 1 shows the baseline characteristics of the trial
participants and the comparison of these characteristics
between the intervention and placebo groups. Over-
all, these characteristics appear balance between the
intervention group and the placebo group. The baseline
(average) pain scores at rest and on movement were also
similar between the two comparison groups (see Table 1).

Pooled mean pain score of both intervention and pla-
cebo groups by time point declined in a similar fashion over
the course of 12 postoperative hours (Fig. 3). The pooled
mean pain scores at the end of the observation period (i.e.
12 h after the operation) were 1.4 (SD=1.3) for the PEMF
group and 1.2 (SD=1.5) for the placebo group at rest. On
movement, it was 2.9 (SD=1.3) for the PEMF group and
3.0 (SD=1.5) for the placebo group. The change pattern
appears similar for both the resting pain score and pain
score on movement (Fig. 3). Comparison of the AUC for
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Fig. 2 Consort diagram

pain score (at rest and on movement) between the PEMF vs.
placebo arm using the Wilcoxon rank sum test showed no
statistically significant difference across all the 20 imputed
datasets (W=1832.5~1933.0, p-value 0.6192~0.2985 for
resting pain score comparison; W=1737.0 ~ 1804.5, p-value
0.9892~0.7296 for movement pain score comparison; see
Supplementary Material 2). Sensitivity analysis using the
best-case-worst-case approach revealed similar results to
the above described (details of the sensitivity analysis are
available in Supplementary Material 3).

For the secondary outcome measure of 12-h total
fentanyl use, a comparison between the PEMF vs.
placebo arm also revealed no statistically signifi-
cant difference across all the 20 imputed datasets
(W=1676.5~1859.0, p-value 0.7344~0.5234; see
Supplementary Material 4). The utilization patterns
show similarity between both arms using the pooled
mean of each time point (Fig. 4). Conclusion was not
affected by the best-case-worst-case sensitivity analy-
sis (see Supplementary Material 5).
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Table 1 Demographics and baseline characteristics of participants
Overall Placebo PEMF P-value
Number of patients 118 60 58
Age (mean (SD)) 27.5(7.2) 27.1 (6.9) 28.0(7.6) 0462
Sex=Male (%) 79 (66.9) 38 (65.5) 41 (68.3) 0.897
BMI (mean (SD)) 229 (4.40) 23.0 (4.66) 228 (4.15) 0.878
Ethnicity (%) 0.437
Indian 19 (16.1) 7(11.7) 12 (20.7)
Malay 64 (54.2) 33(55.0) 31(534)
Non-citizen 23(19.5) 12 (20.0) 11 (19.0)
Others 12(10.2) 8(133) 4(6.9)
Perforated appendicitis (%) 12(11.8) 9(164) 3(64) 0211
Baseline readings
Systolic BP (mean (SD)) 1246(12.3) 1239(124) 1254(12.1) 0313
Pulse rate (mean (SD)) 73.5(12.5) 73.1(12.5) 74.0(12.6) 0.866
Respiratory rate (mean (SD)) 16.7 (3.1) 16.9 (3.1) 16.5(3.0) 0.725
Postoperative resting pain score (mean (SD)) 25012 24(1.1)° 26(14) 0617
Postoperative pain score on movement (mean (SD)) 35(1.3) 35(1.2)° 36(1.4) 0.678
2Two subjects had missing data for this variable
(a) At Rest (b) On movement
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Fig. 3 Changes of pain score post-appendectomy—PEMF (n=58) vs control (n=60). A higher pain score means more pain. An annotated
version of the same graph depicting the number of subjects with complete data at each observed time point by intervention group is provided in
Supplementary Material 6

Discussion

This randomized controlled study involving 118 post-
appendicectomy patients indicates no significant effect
PEMF has on both the patient-reported pain inten-
sity measures (i.e. resting and moving) over the initial
12 h post-procedure. Similarly, the secondary outcome

measure — postoperative use of IV fentanyl via PCA —
also did not show any difference in between the inter-
vention arm vs. the placebo arm. Hence, the previously
reported effect of PEMF (as an adjunct intervention) on
postoperative pain intensity and analgesia use in other
surgical settings cannot be verified. These findings imply
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Fig. 4 Changes of PCA fentanly use post-appendectomy—PEMF (n=158) vs control (n =60). An annotated version of the same graph depicting the
number of subjects with complete data at each observed time point by intervention group is provided in Supplementary Material 6

that adjunct PEMF use for postoperative pain manage-
ment may not be recommended at this juncture given the
current state of (inconsistent) evidence. Further efforts to
understand the reasons of the inconsistent results remain
critical.

A review of the existing evidence pool suggested sev-
eral potential reasons for the inconsistent results. Firstly,
a notable feature among the existing evidence on PEMF
and its effect on postoperative pain is their small sample
sizes in general. Besides the study reported by Stocchero
et al. (2014) [15], the study sizes of those described above
range from 11 to 72 with the median study size being
36. There are two problems with studies of small sample
sizes. A small study may risk not being able to detect a
clinically significant difference due to the lack of statisti-
cal power, hence committing a type II error [22]. This is a
well-known limitation when a study with a small sample
size is reported, particularly when the finding is negative.
A more important but less well-appreciated problem with
a small study size is related to a phenomenon known as
the “small study effect” [23]. It has been found that trials
with a small number of patients are more likely to report
larger and more significant treatment effects compared to
their larger counterparts. One of the possible reasons, as
illustrated by Kjaergard and colleagues [24] is the lower
study quality often associated with small studies. The lack

of adequate sequence generating, allocation concealment
and blinding can significantly exaggerate the intervention
effect compared to larger trials.

Secondly, trials with subjective outcome meas-
ures, such as pain score in this context, also have been
reported to have the potential of exaggerated effect sizes
especially if concealment or blinding is inadequate. This
is in contrast to trials with objective outcome measures
such as mortality, as there was little evidence that inade-
quate concealment and lack of/ineffective blinding would
significantly distort the estimated effect sizes. Further-
more, the difference in the subjective experience of pain
may also result in large variations in patient-reported
VAS pain scores and their need of pain medications. As
reported by Svaerdborg and colleagues [18] in their study,
some patients reported a VAS score of 9 to 10 during the
first postoperative day and while others reported VAS
scores of only 1, despite having the same procedure and
main management regime. As a result, the risk of regis-
tering a PEMF effect on postoperative pain can (poten-
tially) be larger (hence, biased) in pain studies of a small
sample size.

Lastly, there is also a possibility that biological and clin-
ical factors that influence postoperative pain outcomes
might also affect the efficacy of PEMF. For instance, dif-
ferent surgical conditions and related procedures might
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bring about a different mix of pain aetiologies, thereby
affecting the effect of PEMF on cellular mechanisms
that induces pain during the acute postoperative period.
Hence giving rise to the possibility that PEMF efficacy
might differ in different surgical conditions and proce-
dures. Biologically, genetic factors are known to play a
significant role in influencing one’s responses to pain and
analgesia [25, 26]. The production of opioid metaboliz-
ing enzymes and expression of various pain receptors
and signal transduction elements are affected by various
genetic factors. It also interacts with other physio-path-
ological, psychological as well as environmental fac-
tors that give rise to various pain-related outcomes [27].
These differences are known to give rise to the large vari-
ability in terms of pain perception and postoperative pain
management needs. Note that this study was conducted
on a sample of south-east Asians who may pose very dif-
ferent genetic make-ups compared to the Caucasian pop-
ulation, where most of the earlier studies was focused on
[16, 18, 28].

Findings from this study nevertheless should be inter-
preted with the following limitations. First, different
PEMEF devices may have slightly different settings. The
differences may affect the efficacy and contribute to the
inconsistent findings. The potential effect of the differ-
ent device settings on effectiveness has been previously
demonstrated [13]. This study used a device closely
resemble that used in previous studies [16, 29] which
has obtained a significant positive outcome. Next, we
only collected data that spanned over the 12-h observa-
tion period during the immediate postoperative phase.
There is a possibility that the effect of PEMF will require
longer observation to be noticed. Thus, the conclusion
of the lack of effect can only be interpreted within the
time limit of the data. It is however worth noting that
previously reported positive studies [16] have hinted to
a potential effect visible as early as 4 h postoperation.
Thirdly, in order to balance between the generalizabil-
ity of the study conclusion and the study efficiency (and
safety), we have excluded the younger as well as the older
age patients (i.e.<19 and>50 years old) despite their
significant representation of the population with appen-
dicitis and appendicectomy. Furthermore, we have also
excluded those with complicated appendicectomy (which
their operative time has exceeded 3 h) and those with
potentially altered pain perception (i.e. with underlying
chronic pain or long-term use of opioids). These exclu-
sions from the study population have limited the external
validity of the study findings and conclusion. Interpreta-
tion of this study’s results should therefore consider this
limited generalizability. Lastly, this study used the inex-
pensive SNOSE method for treatment assignment, which
is known to have several shortfalls [30, 31]. Because of
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the lack of accessibility to a more robust treatment allo-
cation system at the time of this study, we were limited
to SNOSE as the only practical method available. Given
the awareness of the potential bias of using the SNOSE
method, the study team has maximized the methodo-
logical rigour, especially in terms of the preparation and
execution of the procedure. For example, the random
sequence was generated, and the envelopes were pre-
pared by a trial researcher not involved in any subsequent
trial activities; the officer who perform subject enrolment
was independent of the officer who subsequently opened
the allocation envelop and perform the device placement.

In conclusion, this study did not verify the effect of
PEMEF on postoperative pain previously reported. Given
the currently available evidence, a recommendation
to using PEMF as a routine part of postoperative pain
management is not warranted especially for pain man-
agement during the immediate postoperative period
and of use for short durations. Future larger-scale study
may be required to provide more convincing evidence
regarding the effect of these devices. A high-quality
systematic analysis of the currently available evidence
might be required to clarify the current evidence gap
in order to better inform future study design and focus.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513063-022-06810-y.

Additional file 1: Supplementary material 1. Logical framework of
the study hypothesis.

Additional file 2: Supplementary Material 2. AUC for pain score com-
parison with Wilcoxon rank sum test - results across all the 20 imputed
datasets.

Additional file 3: Supplementary Material 3. Sensitivity analysis using
the best-case-worst-case approach.

Additional file 4: Supplementary Material 4. Comparison of 12-hour
total fentanyl use (AUC) results across all the 20 imputed datasets.

Additional file 5: Supplementary Material 5. Best-case-worst-case
analysis for 12-hour total fentanyl use.

Additional file 6: Supplementary Material 6. Annotated version of
Figure 2.

Acknowledgements
We thank the National Clinical Research Centre of Malaysia for the support of
this publication.

Authors’ contributions

MP, AIAL, MPS and MRZA conceptualize and designed the study. EN, PF and
TSW supported the study operation and management. CYF analysed the
study data and drafted the manuscript. All authors contributed to the review
and revision of the manuscript and approved the final manuscript.

Funding

This study was fully funded by the Department of Anaesthesiology, HTAR
including the PEMF devices used in this study. The authors received no other
financial support for the research, authorship, and publication of this article.


https://doi.org/10.1186/s13063-022-06810-y
https://doi.org/10.1186/s13063-022-06810-y

Perumal et al. Trials (2022) 23:874

Availability of data and materials
Datasets analysed for the study are available from the corresponding author
on reasonable request.

Declarations

Ethics approval and consent to participate

The study protocol was reviewed and approved by the National Medical
Research Register, Malaysia (NMRR Study Registration: 15-670-25805) and
registered retrospectively with the Thai Clinical Trials Registry on November 01,
2019 (TCTR20191102002). All patients provided signed informed consent.

Consent for publication
Not applicable.

Competing interests

All authors declared no potential conflicts of interest with respect to the
research, authorship, and publication of this article. CYF is an employee
of IQVIA Asia Pacific, Real World Insights — a for-profit research consulting
organization.

Author details

'Department of Anesthesiology, Hospital Tengku Ampuan Rahimah, Klang,
Malaysia. “Clinical Research Centre, Hospital Tengku Ampuan Rahimah, Klang,
Malaysia. *National Clinical Research Centre, Shah Alam, Malaysia. “IQVIA Asia
Pacific, Petaling Jaya, Malaysia.

Received: 11 January 2020 Accepted: 1 October 2022
Published online: 14 October 2022

References

1. Harjit S, Gunn A, Abdul J, Mohamed Y, Tahrani P, Faizah A, Jiffre D, Nik A,
Clement E, Tan W et al: National Healthcare Establishments & Workforce Sta-
tistics 2010. Chapter 5 | Surgical Services In Malaysian Hospitals. In. Malyasia:
Ministry of Health; 2010.

2. Humes DJ, Simpson J. Acute appendicitis. BMJ. 2006;333(7567):530-4.

3. Gorter RR, Eker HH, Gorter-Stam MA, Abis GS, Acharya A, Ankersmit M, Anto-
niou SA, Arolfo S, Babic B, Boni L, et al. Diagnosis and management of acute
appendicitis. EAES consensus development conference 2015. Surg Endosc.
2016;30(11):4668-90.

4. DiSaverio S, Birindelli A, Kelly MD, Catena F, Weber DG, Sartelli M, Sugrue
M, De Moya M, Gomes CA, Bhangu A, et al. WSES Jerusalem guidelines
for diagnosis and treatment of acute appendicitis. World J Emerg Surg.
2016;11:34.

5. GanTlJ. Poorly controlled postoperative pain: prevalence, consequences,
and prevention. J Pain Res. 2017;10:2287-98.

6. Chou R, Gordon DB, de Leon-Casasola OA, Rosenberg JM, Bickler S, Brennan
T, CarterT, Cassidy CL, Chittenden EH, Degenhardt E, et al. Management
of postoperative pain: a clinical practice guideline from the American pain
society, the American society of regional anesthesia and pain medicine,
and the American society of anesthesiologists'committee on regional
anesthesia, executive committee, and administrative council. J Pain.
2016;17(2):131-57.

7. Ramsay MA. Acute postoperative pain management. Proc (Bayl Univ Med
Cent). 2000;13(3):244-7.

8. Wheatley RG, Schug SA, Watson D. Safety and efficacy of postoperative
epidural analgesia. Br J Anaesth. 2001;87(1):47-61.

9. Wheeler M, Oderda GM, Ashburn MA, Lipman AG. Adverse events associ-
ated with postoperative opioid analgesia: a systematic review. J Pain.
2002;3(3):159-80.

10. Hagiwara S, Iwasaka H, Takeshima N, Noguchi T. Mechanisms of anal-
gesic action of pulsed radiofrequency on adjuvant-induced pain in the
rat: roles of descending adrenergic and serotonergic systems. Eur J Pain.
2009;13(3):249-52.

11. Chua NH, Vissers KC, Sluijter ME. Pulsed radiofrequency treatment in
interventional pain management: mechanisms and potential indications-a
review. Acta Neurochir (Wien). 2011;153(4).763-71.

Page 9 of 9

12. Heden P, Pilla AA. Effects of pulsed electromagnetic fields on postopera-
tive pain: a double-blind randomized pilot study in breast augmentation
patients. Aesthetic Plast Surg. 2008;32(4):660-6.

13. Taylor EM, Hardy KL, Alonso A, Pilla AA, Rohde CH. Pulsed electromagnetic
fields dosing impacts postoperative pain in breast reduction patients. J Surg
Res. 2015;193(1):504-10.

14. Menini M, Bevilacqua M, Setti P, Tealdo T, Pesce P, Pera P, Effects of pulsed
electromagnetic fields on swelling and pain after implant surgery: a double-
blind, randomized study. Int J Oral Maxillofac Surg. 2016;45(3):346-53.

15. Stocchero M, Gobbato L, De Biagi M, Bressan E, Sivolella S. Pulsed electro-
magnetic fields for postoperative pain: a randomized controlled clinical trial
in patients undergoing mandibular third molar extraction. Oral Surg Oral
Med Oral Pathol Oral Radiol. 2015;119(3):293-300.

16. Khooshideh M, Latifi Rostami SS, Sheikh M, Ghorbani Yekta B, Shahriari A.
Pulsed Electromagnetic Fields for Postsurgical Pain Management in Women
Undergoing Cesarean Section: A Randomized, Double-Blind. Placebo-
controlled Trial Clin J Pain. 2017,33(2):142-7.

17. Czyz CN, Foster JA, Lam VB, Holck DE, Wulc AE, Cahill KV, Everman KR,
Michels KS. Efficacy of pulsed electromagnetic energy in postoperative
recovery from blepharoplasty. Dermatol Surg. 2012;38(3):445-50.

18. Svaerdborg M, Momsen OH, Damsgaard TE. Pulsed Electromagnetic Fields
for Postoperative Pain Treatment after Breast Augmentation: A Double-
Blind. Placebo-Controlled Study Aesthet Surg J. 2016;36(6):NP199-201.

19. Hawker GA, Mian S, Kendzerska T, French M. Measures of adult pain: Visual
Analog Scale for Pain (VAS Pain), Numeric Rating Scale for Pain (NRS Pain),
McGill Pain Questionnaire (MPQ), Short-Form McGill Pain Questionnaire
(SF-MPQ), Chronic Pain Grade Scale (CPGS), Short Form-36 Bodily Pain Scale
(SF-36 BPS), and Measure of Intermittent and Constant Osteoarthritis Pain
(ICOAP). Arthritis Care Res (Hoboken). 2011;63(Suppl 11):5240-252.

20. Macintyre PE. Safety and efficacy of patient-controlled analgesia. Br J
Anaesth. 2001,87(1):36-46.

21 Holley FO, van Steennis C. Postoperative analgesia with fentanyl: pharma-
cokinetics and pharmacodynamics of constant-rate i.v. and transdermal
delivery. Br J Anaesth. 1988;60(6):608-13.

22. Banerjee A, Chitnis UB, Jadhav SL, Bhawalkar JS, Chaudhury S. Hypothesis
testing, type | and type Il errors. Ind Psychiatry J. 2009;18(2):127-31.

23. Schwarzer G, Carpenter JR, Riicker G: Small-Study Effects in Meta-Analysis.
In: Meta-Analysis with R. edn. Cham: Springer International Publishing; 2015:
107-141.

24. Kjaergard LL, Villumsen J, Gluud C. Reported methodologic quality and
discrepancies between large and small randomized trials in meta-analyses.
Ann Intern Med. 2001;135(11):982-9.

25. Kim H, Neubert JK, San Miguel A, Xu K, Krishnaraju RK, ladarola MJ, Goldman
D, Dionne RA. Genetic influence on variability in human acute experimental
pain sensitivity associated with gender, ethnicity and psychological tem-
perament. Pain. 2004;109(3):488-96.

26. Kim H, Mittal DP, ladarola MJ, Dionne RA. Genetic predictors for acute
experimental cold and heat pain sensitivity in humans. J Med Genet.
2006:43(8):e40.

27. Belfer . Nature and nurture of human pain. Scientifica (Cairo).
2013;2013:415279.

28. Adravanti P, Nicoletti S, Setti S, Ampollini A, de Girolamo L. Effect of pulsed
electromagnetic field therapy in patients undergoing total knee arthro-
plasty: a randomised controlled trial. Int Orthop. 2014;38(2):397-403.

29. Rawe IM, Lowenstein A, Barcelo CR, Genecov DG. Control of postoperative
pain with a wearable continuously operating pulsed radiofrequency energy
device: a preliminary study. Aesthetic Plast Surg. 2012;36(2):458-63.

30. Kennedy ADM, Torgerson DJ, Campbell MK, Grant AM. Subversion of alloca-
tion concealment in a randomised controlled trial: a historical case study.
Trials. 2017;18(1):204.

31. Schulz KF. Subverting randomization in controlled trials. JAMA.
1995;274(18):1456-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Pulsed electromagnetic fields for post-appendicectomy pain management: a randomized, placebo-controlled trial
	Abstract 
	Background: 
	Methods: 
	Findings: 
	Discussion: 
	Trial registration: 

	Introduction
	Materials and methods
	Patients
	Randomization and masking
	Procedures
	Assessments and outcome measures
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References


