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Abstract
  

Background

The annual number of surgical operations performed is increasing throughout the world. With this rise in the
number of surgeries performed, so too, the challenge of effectively managing postoperative pain. Healthcare
professionals and patients in education might help in controlling postoperative pain effectively. However, data
from low-income countries investigating the impact of educational intervention on postoperative pain are very
scanty, and reports from the developed settings are inconclusive. The study has investigated the impact of
preoperative patient education and health care professionals education on improving the quality of
postoperative pain management; in patients scheduled for major elective orthopedic, gynecologic and general
surgery; as measured by patient-reported outcomes.

Methods

This was a quasi-experimental, non-equivalent control group design with before and after measures. We have
recruited 700 consecutive patients; who are eighteen years or more, scheduled for general, orthopedic and
gynecologic surgery. Outcome measures were patient-reported outcomes (postoperative pain intensity, pain
interference, and perception of care) and adequacy of pain management used. 

Results

Generally, no signi�cant difference was observed in most outcome measures except for the worst level of pain,
least level of pain, patient participation in decision making and feeling of drowsiness between the treatment
and control group.

Conclusion

Results of this study contained very important information in understanding the effectiveness of educational
interventions in the postoperative setting. The treatment was successful in increasing patients participation in
decision making, as anticipated. However, its impact on decreasing pain intensity was only noted at the last
measurement point after surgery.

Background
The annual number of surgical operations performed is increasing throughout the world. It is estimated that in
the year 2012 alone, 266.2 to 359.5 million operations were performed. This �gure has raised by 38% compared
to the previous eight years and low-income countries are contributing to the greater share [1]. Also, the number
of deaths as a result of surgery is twice the number of maternal deaths per year [2]. It has been estimated that
about 22% of chronic pain is caused by surgery [3]. Yet chronic pain exceeds the economic burden of
cardiovascular diseases and cancers combined [4]. Acute pain after surgery also remains to be a challenge in
the globe [5] and up to 40 % of patients suffer from severe pain intensity [6]. Untreated or undertreated post-
surgical pain can lead to prolonged hospital stay, persistent postoperative pain, respiratory and cardiovascular
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complications, anxiety, depression and even premature death [7, 8]. Developing countries while �ghting to
eradicate poverty, hunger, reduce maternal and child mortality; pain management is abandoned and the global
health policy is turning a blind eye to the aftermath of uncontrolled pain and its global burden [9]. Though
remains to be a problem for both developed [6] and developing countries [10]; sadly the suffering from
untreated pain is larger and troublesome amidst the poor [9]. Hence, for countries like Ethiopia, a cost-effective
effective intervention is mandatory.

Various strategies have been attempted to rescue the patient from suffering undertreated and untreated post-
surgical pain until now [11]. As early as 1958, Fink et al. have reported the advantage of preoperative
educational intervention as one of the strategies to reduce postoperative pain [11]. Following this many more
studies in the �eld tried to replicate the �ndings. However, some authors reported no effect of preoperative
patient education after conducting a well-randomized controlled trial [12]; while others claim a positive effect
on postoperative pain. Lately, however, the argument whether preoperative patient education is effective or not
is starting to materialize in literature[13]. A systematic review and meta-analysis of RCT on the topic also failed
to bring consistent results; while some support [14] and others not [15]. In some studies, patients received
various forms of other therapeutic interventions along with the preoperative education; authors call this adjunct
treatment [16]. Popular adjunct treatments that accompanied preoperative education included either exercise or
relaxation [16]. As distinguished from studies performed until now, we have accompanied the preoperative
patient education by Healthcare Providers (HCPs’) education; by hypothesizing a well educated patient and
HCP can perform better synergistically. A review of literature recommends educational programs to include
interdisciplinary professionals and policymakers in addition to patients [17].

The aim of this study was to investigate the impact of preoperative patient education and HCPs education on
postoperative pain outcome in patients scheduled for major elective orthopedic, gynecologic and general
surgery. In addition to testing the impact of the intervention on the outcome; unlike to the previous studies, we
have attempted to explain the underlying mechanisms of the preoperative education. Hitherto, it is believed that
providing patients with education is to address preoperative level of anxiety in the preoperative period and then
subsequently to decrease pain intensity [16]. All experimental studies so far tested whether the education is
effective or not in decreasing patient pain intensity and no study attempted to verify if, in fact, preoperative
education affects patient postoperative pain through anxiety or any other pathway. One of the emerging
statistical tools to understand the causal mechanism behind an intervention is causal mediation analysis [18].
With the help of this method, we have attempted to answer whether the designed intervention was effective and
also explain the underlying mechanism. So, this study provides information regarding the effectiveness of
preoperative patient education on postoperative pain and also the causal mechanism.

Materials And Methods
This was a quasi-experimental, non-equivalent control group design to assess the effectiveness of educational
intervention given to patients and HCPs. The study was conducted in three large teaching hospitals located, in
two regions of Ethiopia. The two hospitals (Zewditu Memorial Hospital Medical college and Yekatit 12
Hospital) were assigned to the control group and one (Jimma University Teaching Hospital) to the intervention.
The control hospitals are located in the capital city Addis Ababa and the intervention hospital is 350 km away
from the capital in south-west Ethiopia, Oromia region. The experimental hospital (group) and the control
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hospitals (group) were determined by geography. Both groups were pretested simultaneously, before the
administering of the treatment. At the end of the treatment, a posttest was administered simultaneously to both
groups. The study was performed in accordance with ethical standards established in the 1964 Declaration of
Helsinki, and the protocol was approved by the ethics committee at the Jimma University (Ref.No
RPGC/06/2016; Jimma, Ethiopia) and the Ludwig Maximillian University of Munich Medical Ethics Committee
(Ref. No 17-224, Munich, Germany). All participating hospitals also granted permission for the study in
response to a support letter written; (Ref.No. / 567/2008, / 568/2008, / 569/2008). For the
illiterate participants (those who could not read and write) their �ngerprints were obtained as an indication of
their consent after the information sheets and consent forms were read aloud by the data collectors. Patients
who provided written consent to participate completed an interviewer-administered baseline questionnaire, prior
to the intervention (September to December 2016) and after the intervention (May to August 2017). Patient-
reported outcomes were measured at four-time points postoperatively at 6, 12, 24 and 48 hours). After the
baseline assessment HCPs and hospital o�cials of the experimental group were invited to participate in an
educational intervention especially designed for the group. Thirteen participants from nursing, physiotherapy,
surgery, anesthesiology, gynecology schools including those in the administrative position participated
following the invitation. Post-treatment assessment was performed 19-20 weeks after baseline assessment
(May-August 2017).

Participants

The night before the planned operation we have identi�ed eligible patients from the surgical waiting list. Next,
we have approached them to explain the study objectives and expected the role of participation. Follow-up was
initiated after patients approved participation by signing the informed consent. We have analyzed 700
consecutive patients; who are eighteen years or more, scheduled for general, orthopedic and gynecologic
surgery. Those having cognitive and mental disabilities (identi�ed from their clinical record �les), patients
transferred directly to an intensive care unit, those who had emergency surgery including cesarean section were
excluded. Details are provided in Figure 1 with participants �owchart.

Intervention

The contents of all training materials were based on literature review [13, 16, 17, 19] IASP recommendations
[20], international recommendations for low resource settings[21, 22] national guidelines [23] and considering
the principles of learning sciences. The latter takes into account the conditions, processes, and outcomes of
learning [24]. Before the main preoperative patient education, staff members of the intervention hospitals were
trained on the effective management of post-surgical pain. Health care providers including those who assume
a leading or managerial position, surgeons, gynecologists, nurses, and physiotherapists were invited to
participate. A total of 13 participants (3 anesthetists, 3 surgeons, 2 gynecologists, 1 physiotherapist and 4
nurses) attended the workshop. For about 13 hours over 3 days, they were trained on topics related to the
obstacles to pain management in low-resource settings, the importance of pain assessment, measurement, and
tools, use and application of non-pharmacological methods of pain management. In addition to the theoretical
lectures, participants were exposed to the practice sessions. The hands-on sessions focused on the use of non-
pharmacological methods of pain management with emphasis on acupuncture.
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After the HCPs education was completed, the night before the surgery, a project team member an anesthetist
conducted a one-on-one education verbally. Each session lasted for 15 minutes. Voluntary relatives also
attended. In brief, each educational session consists of information regarding why managing postoperative
pain is important, non-pharmacological options of pain management, how to take pain medication as directed,
report side effects early, participate in the choice of the management of pain with HCPs. Patients were
informed that they should not be shy and always be active in the management of their pain. They were also
told how to describe their pain using the pain intensity scales. During the educational session, patients were
encouraged to ask questions. Once the question and answer session was completed, each patient was asked
to repeat what they have learned. Finally, �ve questions were asked of all patients and if a patient misses one
question education was repeated again. Patients in the control hospitals received care as per usual with no
preoperative education. Preoperative education or information for postoperative pain is not part of the care in
the setting yet.

Table 1. Components of the patient educational intervention
Topic
Covered

Contents and Evidence

Introductions  
Patient and his/her families greeted warmly
What is about to be thought introduced and
All are asked to sit comfortably.
 

Overview of
post-surgical
pain

Definition of post-surgical pain, what causes it and how can it be managed

Goals of
management

Why managing post-surgical pain is important and Highlighting the
consequences of unmanaged postoperative pain [19]

Patient role
in the
management

The patient should ask for analgesics and insist if the health care provider is
not responding, Patients should not be passive but actively participate in
decision [8, 25, 26 , 27]. How to take medications as directed, manage side-
effect early, avoid misconception [28] report side-effect early [29]
communicate your pain using instruments [30]
How to be relaxed and avoid fear prior to surgery
Should believe that unmanaged pain is very harmful [19]

Available
options for
treatment

Both pharmacological and non-pharmacological methods [19]
How to reduce anxiety using various alternatives [31]

   
   
 
 
 

 

The night before the operation, the trained data collectors from all sites approached potentially eligible
patients. Next, patients were provided with a detailed information sheet describing the study and their potential
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involvement. For the majority of the patients (who were illiterate), the written information sheet was read to
them aloud. But, in any case, a witness’s signature was obtained. Patients who provided written (�ngerprint in
case of the illiterate) and verbal consent to participate completed an interviewer-administered baseline
questionnaire, prior to the intervention

Patients were aware of their participation in a study but were blind to which condition the hospital was
allocated. However, those who administer the interventions and those assessing outcomes were not blind to
study allocation. All evaluations were conducted in the participants’ surgical wards using a paper and
interviewer-administered questionnaire. Data collectors were different from those who administered the
intervention. During the intervention period, however, in addition to the offer to participate in the interviewer-
administered self-reported measures, patients in the treatment group were also given additional information
about the planned preoperative education. When the patient agreed to participate, a consent was obtained the
same way as described above and the preoperative individualized patient education was conducted.
Consequently, using the interviewer-administered questionnaire, patient-reported outcomes were collected after
the operation at the four-time points explained above.

Outcome measures

The main outcome measure was measured using the Numeric Rating Scale (NRS 0-10; 0=No pain – 10 =“Worst
pain”). All secondary outcome measures were measured using the IPOQ (International Pain Outcome
Questionnaire)—originally developed from the American Pain Society Patient Outcome Questionnaire
(APSPOQ) [32]. It has been translated into 15 different languages and validated in 8 European countries and
Israel. It includes questions on pain severity, pain interference with physical function and emotions, side effects
of pain treatment, and perception of care. Also, it permits to grasp information about the use of non-
pharmacological methods for pain relief and the presence of preoperative chronic pain. IPOQ items mostly use
11-point (NRS 0–10) numeric rating scale, but also binary items are included. Patient worst, least and current
pain intensity was measured as (NRS 0 = “no pain”– 10 = “worst pain possible.” The percentage of time the
patient spent in severe pain since surgery was measured as 0% = “never in severe pain”– 100% = “always in
severe pain.” Pain interference was measured as functional disability due to pain (NRS 0 = “did not interfere”–
10 = “completely interfered”), anxiety and helplessness caused by pain (NRS 0 = “not at all”– 10 = “extremely”).
Patient perception of care was measured as the degree of pain relief through pain treatment (NRS: 0% = “no
relief”– 100% = “complete relief”). Patients wish for more analgesics were recorded as binary (“yes or no”)
answers. Satisfaction with the results of pain treatment was measured with NRS 0 = “extremely dissatis�ed”–
10 = “extremely satis�ed.” The original English version has been translated (forward and backward) into two
local languages and pilot tested in �ve steps as per international guidelines [33]. The �nal version was
approved by expert panel to make sure content and face validity. In addition, we have measured the adequacy
of pain management using the Pain Management Index (PMI). The index is calculated by �rst categorizing
patients worst pain intensity into 0 (no pain), 1 (1–3: mild pain), 2 (4–6: moderate pain), and 3 (7–10: severe
pain). The �nal score is then subtracted from the strength of analgesic prescribed: which is 0 (no analgesic
drug), 1 (non-opioids), 2 (weak opioids), and 3 (strong opioids). The �nal score is between –3 to +3, and
negative scores inform inadequate treatment. Originally this was designed to assess the adequacy of cancer
pain management; however, its application in surgical patients have been reported [34].
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Covariates

The covariates considered in this study were the following: time (since surgery), patient’s age and sex, pre-
existing chronic pain, patient’s physical condition and operating time. We have also retrieved demographics,
medical history information, type of surgery, duration of surgery, type of anesthesia and pain treatment from
the medical records.

Statistical analysis

Before testing the effectiveness of the intervention, we calculated mean and SD for normally distributed
continuous variables and medians (min, max) in case of skewed distributions. Categorical variables were
summarized as numbers (percent). In order to assess the in�uence of selection bias, differences in baseline
clinical and demographic variables at the baseline were evaluated using univariate generalized linear models
and using Chi-square test. Comparison of changes in the outcomes of interest over time between the control
and treatment group were analyzed using linear mixed effect model. Covariates in the �nal model were selected
using backward elimination, which begins with the maximum full model and then deleting variables of no
value. However, age, sex, type of surgery, and chronic pain severity were left in the model despite statistical
insigni�cance, to avoid omitting a signi�cant variable (avoid any Type II errors) and therefore maximize validity
and predictive power, which is a good practice [35]. To adjust for baseline differences between the treatment
and control groups, in addition to the baseline outcome value, we have also added additional �xed terms to the
LME model. These include age, sex, type and duration of surgery, type of anesthesia, ASA-classi�cation and
preoperative chronic pain severity. In the �nal model, two random effects were included: the random intercept
and the random slope of time (that is, number of hours after the operation) for patients.

Sensitivity analysis.

To test how robust our �ndings are we conducted a sensitivity analyses using propensity score analysis[36, 37].
Robins et al., in 1994, proposed the doubly robust (DR) estimator, which is an amendment of the IPW methods
[38]. This method brings together both the outcome regression model and the propensity score model. For this
reason, the investigator has two opportunities (chances) of specifying the model correctly. Even if either the
propensity score model of the outcome regression model misspeci�ed, the DR remains consistent [38 , 39]. A
proper weighting and correct propensity score model removes confounding with respect to the measured
baseline covariates, and thus, the average treatment effects obtained re�ect the true population average [40].
Using a DR approach can compensate for a lack of covariate balance, unlike to other matching techniques of
the propensity score. Moreover, with other previously mentioned matching techniques, the dataset can be pre-
processed by “trimming” away (removing) individuals with extreme PS, while attempting balance [41].
Therefore, this method of estimation was used in this particular study, to calculate the average treatment
effect.

Causal Mediation analysis

In the present study we have implemented the within-subject 1-1-1 multilevel mediation, also known as lower
level mediation [42], page 179]. In longitudinal, within-subject mediation, X, M, and Y can vary either within-
subjects (level-1), between-subjects (level-2), or both [42]. Krull and MacKinnon outlined three speci�c multilevel
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mediation scenarios: 2 → 2 → 1, 2 → 1 → 1, and 1 → 1 → 1 [43]. Since the mediator (patient participation in
decision making) is a level-1 variable and the treatment exposure was also individualized patient education,
which is also a level-1 exposure and the outcome variable is also measured at level 1 (patients’ worst pain
intensity), we have conducted a 1 → 1 → 1, within-subject mediation. We have followed the procedure
described by Bolger and Laurenceau [42]. We have performed 1000 sample bootstrap procedure to estimate
95% con�dence intervals (CIs) to test the signi�cance of indirect links and CIs are expected not to contain 0 and
only then the indirect links are considered to be signi�cant [44]. The mediation analysis was also adjusted for
all measured baseline confounders.

The treatment condition (treated vs control) is represented by X, patients participation in decision making is
labeled M, and patients’ rating of worst pain intensity (patients’ satisfaction for the second mediation model) is
labeled Y. The total effect was calculated using the formula from Kenny, Korchmaros, and Bolger[45] which is
given by:

Here we see that c, the relationship between X and Y for the typical patient, is equal to the sum of (1) ab, the
product of the X-to-M and the M-to-Y coe�cients for the typical subject; (2) c', the coe�cient representing the
unmediated portion of the X-to-Y relationship for the typical subject; and (3) sajbj, the covariance of between-
subjects differences in the X-to-M and M-to-Y relationships. Including the �nal covariance term () is very
important in multilevel mediation and it has an important implications for estimates of mediated effects. It
represents that the extent that those patients whose participation in decision making score is most affected by
the treatment are the same patients whose pain intensity (patients’ satisfaction for model 2) is most affected
by their participation in decision making, then the overall mediated effect will be greater than one would expect
from the ab product alone [42]. All data management, linear mixed model building, and propensity score
weighting was done using STATA version 13.0 (StataCorp., Texas, USA). For the multilevel causal mediation
analysis, we have used the R function indirectMLM.R, written by Elizabeth Page-Gould [46]in R package version
1.3.4 in R Statistical Software (version 3.4.3; R Foundation for Statistical Computing, Vienna, Austria). Within-
subject mediation, by allowing between-subjects heterogeneity in mediated paths, affords a realistic
conceptualization of psychological and interpersonal processes.

Results
First, we have assessed the psychometric properties of the IPOQ in terms of construct validity, internal
consistency, and factor structure. Before exploratory factor analysis, the Kaiser-Meyer-Olkin (KMO) test and
Bartlett’s test of sphericity were conducted to evaluate the factorability. The KMO measure of sampling
adequacy was 0.8587 and the signi�cance of Bartlett’s test of sphericity was less than 0.000, meaning that EFA
can be applied to the obtained dataset [ref]. Principal component analysis with varimax rotation was used. The
factor analysis generated a four-factor solution (Eigenvalue >1), explaining a total variance of 64.8 %. The
overall internal consistency of the IPOQ in our sample, based on Cronbach’s alpha among all items, was 0.86.
Regarding IPOQ sub-scales, all four present acceptable values. The pain intensity and physical interference
scale achieved Cronbach s alpha (r=.87), followed by “affective emotions  (r=.89) and “adverse effect (r=0.73)
“perceptions of care  (r=.62). All the above parameters were consistent and very much comparable with the
reports of the original authors [37], except for the four-factor solution where the original authors reported 3-
factor structure. However, the phase-one data of the original authors reported four-factor solution with a total
explained variance of 60.78% [37, page=1368], which is consistent with our �ndings. As it is a common practice
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Table 2: Baseline characteristics of the sample by condition (Intervention and Control Group).

Control Treated p-alue
Age, mean (SD) 40.52 (15.9) 37.69 (17.2) <0.001
Sex
Male, n (%) 241 (58.3) 123 (43) <0.001
Educational Status
Literate, n (%) 324 (69.7) 125 (53.2) <0.001
Religion
Orthodox, n (%) 349 (75.1) 77 (32.8) <0.001
Marital status
Married, n (%) 331 (71) 177 (75.3) 0.015
Ethnicity
Oromo, n (%) 112 (24.1) 156 (66) <0.001
Types of Surgery
General, n (%) 378 (81.3) 113 (48.1) <0.001
Types of Anesthesia      

General, n (%) 350(75.7) 158(67.5) <0.001
ASA-Physical Status      
I, n(%) 459 (98.7) 212 (90.2) <0.001
Duration of surgery in hours, mean (SD) 1.85 (0.9) 1.47 (0.9) <0.001
Chronic pain severity, mean (SD) 4.9 ( 2.7) 2.5 (2.4) <0.001

in the �eld to do so [37], discriminant validity was assessed by comparing surgical category of patients. We
used Mann-Whitney U tests and chi-square tests to contrast groups. Because of a small proportion of
orthopedic and gynecologic patients, the two were combined together and contrasted with the general surgical
patients. Except for least pain intensity, pain interference with sleeping, pain interfering with activities out of
bed, patient perceived pain relief, and patient satisfaction, for all 12 NRS items a signi�cant difference between
the general surgery and comparative (orthopedic and gynecologic patients combined) groups was observed.
Almost all (except the percentage of time patient spent in severe pain) pain intensity items, both items on
affective impairment and 2 interference items, were signi�cantly increased in the group where orthopedic and
gynecologic patients were combined. All 4 adverse effects measures were also increased in the same group of
patients.

Participants’ Characteristics

Figure 1 shows the study �owchart. No baseline measures were balanced across the treatment and control
groups. Rather, patients were signi�cantly more likely to have been assigned to the intervention group if they
are older, were more illiterate, Muslim, are married, are Oromo by ethnicity, had an orthopedic and gynecologic
surgery, had a less duration of surgery, and lower chronic pain intensity (Table 1).

Fig 1. Participant’s �ow chart. Phase1 is the time before the intervention (Bassline), and phase 2 is the time
after the baseline. The gap between phase 1 and phase 2 here is about 20 weeks.

The effectiveness of the intervention
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Generally, both the weighted and unweighted models gave consistent
results for all pain intensity measures except for patients’ worst pain
intensity and for all the pain interference measures except for pain
interference with sleeping and pain causing the feeling of anxiousness
[see Additional �le 1]. The interaction Group (treatment vs. Control) ×
Time (6, 12, 24 and 48 hours) was signi�cant for most outcome
measures, implying the groups differed in rate and manner of change
over the course of the study. Patients in the treatment group had scored
lower worst pain intensity score at the second (β=-1, 95% CI (-1.649,
-0.359)), third (β=-1.553, 95% CI : (-2.23, -0.875)) and fourth (β=-2.000, 95%
CI :(-2.822, -1.178)) measurement points respectively. However, in the
weighted model, signi�cant changes were observed at the third and
fourth measurement points. Both weighted and unweighted model
revealed that patients in the treatment hospital had a lower score of the
percentage of time patient spent in severe pain at the last measurement
point (β=-0.80, 95%CI : (-1.25,-0.35)). The same consistent results were
obtained between the weighted and unweighted models for both least
and current level of pain at the fourth measurement points (β=-0.73, 95%
CI=(-1.21, -0.24) and (β=-1.34, 95%CI : (-2.38,-0.31)) respectively. The
treatment group had lower pain interference with activities in bed score
at the second (β=-0.90 95%C. I : (-1.46,-0.34)), third (β=-1.00, 95%C. I :
(-1.75, -0.25)) and fourth (β=-1.89, 95% C.I (-2.78, -1.01)) time points. Pain
interfere with movement was improved in the treatment compared to the
control (β=3.13, 95% CI : ( -4.63, -1.63)), (β=-3.14, 95% CI : (-3.94, -2.35)),
(β=4.19, 95% CI : ( -5.22, -3.17)) at the second, third, and fourth
measurement points respectively. Pain interference with breathing and
coughing was also signi�cantly lower in the treatment group at the third
and fourth measurement points (β=-0.73, 95% CI : (-1.30,-0.15)), (β=-1.26,
95% CI : (-1.87, -0.64) respectively. However pain interference with
sleeping was not signi�cantly different between the two groups in the
weighted model, and only at the last measurement point in the
unweighted model. The treatment also lowered pain causing the feeling
of anxiousness at the last measurement point (β=-0.94, 95% CI : (-1.59,
-0.28)) in the weighted model and in the second and last measurement
point in the unweighted model. Consistent results were observed for the
score patients’ feeling of helplessness, where the treatment group has
lower score at the last measurement points (β=-0.84, 95% C.I : (-1.43,
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-0.25)). Patient participation in decision-making was signi�cantly higher in
the treatment group at the second measurement points only (β=3.81, 95%
C.I : (2.69, 4.93)). Patients’ satisfaction with the treatment remained
unaffected by the treatment. The proportion of patients in the
intervention group who were inadequately treated declined over time
except at 48 hours before the intervention. Before the intervention, about
87% of patients were inadequately treated, however, after the intervention
55% of patients were inadequately treated at 6 hours after the surgery in
the treatment group. The same way before the intervention about 72% of
patients were inadequately treated in the treatment group and it dropped
to 46% after the intervention. However, the proportion of patients
inadequately treated increased from 30% to 41% and from 1% to 23% at
the 24 and 48 hours after the surgery respectively. The same trend was
observed in the control group that patients inadequately treated
increased at the 24 hours and 48 hours. Both before and after the
treatment patients in the treatment group were inadequately treated.
After the treatment, about 70% of patients also received acupuncture
treatment for postoperative pain in the intervention group.

Mechanism of the intervention
Path a, of both �gure 2 and 3

The purpose of the �rst mediation analysis was, to examine the role of
the educational intervention (X) on postoperative pain intensity (Y)
through the mediating pathway of patient participation in decision-
making (M). The indirect, direct and total effects of each of the model are
given in Figure 2. For the typical patient in the treatment group, there is
clear evidence that the treatment (X) predict greater participation in
decision-making (M). Compared to the control group patients in the
intervention group had a predicted 3.07 unit higher participation in
decision making, 95%CI:( 2.69, 3.46). Even after adjusting for measured
covariates including age, sex, type of surgery, type of anesthesia, baseline
worst pain intensity and duration of surgery, path a, remained signi�cant
and treatment predicted 2.4 units higher participation in decision making
95% CI : (1.972, 2.707).
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Fig 2: Within-subject mediation (see Bolger and Laurenceau, 2013):
Diagram and structural equations. To reduce confusion, we have omitted
time as a predictor and we treat X, M, and Y as varying within-subjects
only. *Adjusted for age, sex, preoperative pain, type of surgery, type of
anesthesia, baseline worst pain intensity and duration of surgery.

Patients’ participation in decision making on pain intensity:
Path b, of �gure 2

The patient participation (M) to postoperative pain intensity (Y) slope for
the average patient is -0.06 95% CI:(-0.19, 0.08), indicating that, for
patients in the treated group for each additional unit increase in decision
making, it did not predict reduced postoperative pain intensity.

Patients’ participation in decision making on satisfaction:
Path b, of �gure 3

The unadjusted patient participation (M) to patient satisfaction (Y) slope
for the average patient is 0.227, 95% CI :(0.125, 0.369), indicating that, for
patients in the treatment group with each additional unit of patient
participation in decision making, it predicted a higher satisfaction.
However, when adjusted for baseline confounders the result is
insigni�cant 0.018 95% C.I (-0.293, 0.267).

Figure 3: Within-subjects mediation for satisfaction (see Bolger and
Laurenceau, 2013): To reduce confusion, we have omitted time as a
predictor and we treat X, M, and Y as varying within-subjects only.
*Adjusted for age, sex, preoperative pain, type of surgery, type of
anesthesia, baseline worst pain intensity and duration of surgery.

The indirect effect Path a*b, for Figure 2

The indirect effect (Path a*b) of treatment on postoperative pain
intensity, with patient participation in decision making as the potential
mediator, was not statistically signi�cant for both, the unadjusted
ab=-0.106, (95% CI: (-0.491, 0.538) and adjusted analysis ab=-0.075, 95%
C.I (-0.592, 0.968). This means that if everyone in the study had the
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intervention and patient’s participation in decision making increased by
the mean difference between the control and intervention group,
postoperative pain intensity would not change signi�cantly from baseline.

The indirect effect Path a*b, for Figure 3

As expected from the results of Path a and Path b analysis results, the
unadjusted path model, gave a signi�cant indirect effect ab= 0.696 [0.385,
1.112]. That means, the indirect effect, of treatment on patient
satisfaction, with patient participation in decision making as the potential
mediator, was statistically signi�cant. Had everyone had the intervention,
the patient satisfaction would have increased signi�cantly from baseline
when patient’s participation in decision-making increases by it’s the mean
difference between the control and intervention group. However, the
adjusted analysis showed an insigni�cant indirect effect 0.006, 95% C.I
(-0.709, 0.601).

Covariance of Path a and Path b estimates: Figure 2

One of the most interesting aspects of multilevel mediation unlike to the
usual between subject mediation is the presence of, the covariance of
Path a and Path b estimates in the estimation of the indirect effect (see
σ jb in Figure 2 and 3). Both the unadjusted and adjusted estimates were
not signi�cantly different from zero, with an estimate of σ jbj =0.005, 95%
C.I (-0.03, 0.076) and jbj =-0.009, 95% C.I (-0.055, 0.082) respectively. This
indicates that those who had a higher participation in decision making, as
a result of the education also do not have a lower worst pain intensity
consequently.

Covariance of Path a and Path b estimates: Figure 3

The population variance for this second mediation model was also
insigni�cant. Both the unadjusted σ jbj=-0.004 [-0.047, 0.022] and
adjusted σ jbj =0.022, 95% C.I (-0.051, 0.082) estimates were statistically
insigni�cant. This means that those who had a higher participation in
decision making, because of the education also do not have a higher
reported satisfaction.
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Discussion
A signi�cant difference was observed between the treatment and control group, at least at one measurement
point for all outcome measures, except for patients’ satisfaction, perceived pain relief and pain interference
with sleeping. For these outcomes, no signi�cant difference were observed between the groups. In addition for
almost all outcome measures, both the linear mixed effect regression and the doubly robust estimation
demonstrated consistent results. The exceptions are only for worst pain intensity, pain interference with
sleeping and pain causing the feeling of anxiousness. This is expected as the double robust technique is robust
for model misspeci�cation compared to linear regression methods [38]. Also, when covariate imbalances
between the treated and control group are large, linear regression is expected to produce a biased estimate,
especially when such covariates are also non-linearly associated with the outcome [47].

The other important result observed was that patients’ worst pain intensity and pain interference with breathing
and coughing were lower at 24 and 48 hours after surgery in the treatment group. Whereas, pain interference
with activities on bed and with movement were lower in the treatment group at all measurement points.
Outcome measures like patients’ least and current level of pain, time spent in severe pain and patient
participation in decision making were lower only at 48 hours after surgery. Observing signi�cant effects at later
postoperative periods compared to the early time-points could arise from the natural surgical ward contexts in
the low resource settings, the nature of preoperative information itself and complex psychological phenomena.

There is a limit to what extent pain management can be successful without the use of strong analgesics. No
matter how effective an education is, it is an adjunct treatment [19] and can not replace effective analgesics. At
the time of this study, no opioids were available for the surgical patient and Ethiopia is classi�ed as a country
with nil morphine per capita [48]. Also, giving patients speci�c information about the importance of good
postoperative analgesia might improve their understanding, however, this does not translate necessarily to
better postoperative pain outcome. Psychologists explain this by the difference between automatic and
planned behavior [49]. Automatic processes, or habits, enable behaviors to be carried out with a little or no
demand for cognitive effort, and they make behavioral changes very complicated [50]. Education, therefore, can
lead to improved knowledge; however, this does not necessarily change old beliefs and habits. And it might be
possible that patients can have increased knowledge of pain treatment and increases participation, without the
desired changes in their beliefs or behaviors in accepting analgesics after surgery [50]. The results of this study
should encourage HCPs, or researcher that even without opioids with education and non-pharmacological
options of pain management, this study demonstrated that improvement can be achieved at least after 12
hours of the surgery.

The difference between patients’ worst level of pain with that of current level of pain and, least level of pain,
could be associated with the fact that these intensity measures (least and current) are not as sensitive as worst
pain intensity in detecting treatment effects, and authors have been recommending against [51]. A clinical trial
in Taiwan also reported no effect of the treatment when the outcome was current level of pain and the average
level of pain, instead of worst pain intensity [52]. It is also worthy to mention that a recent RCT from Germany,
reported no superiority of preoperative patient education over the standard of care for most of the outcome
measures authors used, including postoperative pain intensity [53]. Patients’ participation in decision making
was notably higher in the treatment group compared to the control at 24 hours after the surgery. This is
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expected as we have encouraged patients in the treatment group not to be passive and shy, rather to participate
actively in the choice and manner of pain management. The goal of encouraging patients to participate in
decision-making is to increase satisfaction and better health outcomes. Studies have also hinted this even can
reduce the patient report of pain intensity [27, 54] and well randomized controlled trials are also currently
investigating the topic [55].

Our results from the mediation analysis, however, revealed insigni�cant indirect effect, for both pain intensity
and patient satisfaction, and patient participation in decision did not mediate the treatment with both outcome
measures. Still, our result should not be over-emphasized. The lack of mediating effect could also be due to
unmeasured confounder between mediator and outcome and this is very di�cult to rule out. Also, the absence
of statistically signi�cant mediating effects identi�ed could be due to the study being underpowered to detect
these effects, as the mediation analysis was secondary and was not powered for this analysis. However, we
have measured the most important predictors of severe postoperative pain as identi�ed from systematic review
except for preoperative anxiety level. These also were appropriately tested if the addition of such measured
confounder covariates—(age, chronic pain, types of surgery, types of anesthesia and duration of surgery)
―affected the mediation and the results were the same. A previous study also showed that higher patient-
driven participation in decision-making was associated with lower odds (OR, 0.82; 95% CI, 0.75–0.89) of
frequent pain, but was not signi�cantly associated with severity of pain. Interestingly they have found no
signi�cant association with either frequency or severity of pain when the patient participation was physician-
driven [56]. Despite, our reported insigni�cant indirect effect, we encourage patient participation in decision
making, as insigni�cant indirect effect does not mean, no evidence of indirect effect at all. Even statistics aside
patient participation in decision making is justi�ed on humane grounds alone [25]. Nevertheless, it is
unquestionable that the question how does preoperative education is expected to lower postoperative pain
intensity and increase patient satisfaction, should be the focus of future researches. Maybe this will pave the
way towards consistent results, when it comes to the impact of preoperative patient education on postoperative
pain, and also explain con�icting results on the topic. The focus of the mediation analysis was to test whether
our theory of how the intervention worked was correct rather than test a more complex mediation model. Hence,
future research could test a more complicated model that includes multiple potential mediators in a single
pathway, to show a process of change in several variables as part of the treatment process. Simply testing,
whether patient educational intervention is associated with a decreased postoperative pain intensity is not
enough and future studies should also establish the causal mechanisms by which educational intervention
improves postoperative pain. In this way, others would be bene�ted in designing their intervention by including
the mediating variable responsible for reducing patient pain intensity.

Strength and limitations of the study

The strength of this study was the large study sample (n = 700), with repeated measures, very few missing
values and high adherence to treatment. Selection bias as appropriately controlled by powerful statistical
methods. In addition, unlike many previous studies, we have attempted to understand how the intervention
might have affected the outcome variable using the causal mediation analysis. Also, there are no previous
reports which augmented preoperative patient education with HCPs education. All these factors contribute to
the design positively and give credence to the �ndings. However, there some limitations that are worthy to note.
There was a clear a baseline imbalance between the control and treatment groups, which could bias results to
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a larger extent and caution is mandatory when interpreting results. Even though we have dealt this during the
treatment effect estimation, it is still of a concern for the internal validity of the study. Another important
limitation of this study is that the association between preoperative patient education and pain intensity or
patient education and patient satisfaction, the mechanisms underlying this association may be complicated.
Future research should consider a number of other potential mediators of the above-mentioned association.
Even patient participation in decision making should be tested with a more powerful study designs [57].
Heterogeneous sample from different surgical categories might also affect the results in the same manner.
This has been also raised previously as a concern from previous trials dealing the same topic [58]; but it could
contribute positively to external validity and generalizability of the study. Aside from this, there are known
threats to internal validity when one is implementing a quasi-experiment study design. We have tried to control
for most threats using various methods. In this regard, the use of two control groups adequately controlled for
what called “history effect” [59]. Maturation also seems not to affect the trial as the duration of the study was
short [11, 60]. Patients are the only one who was blinded so there is a threat of Hawthorne effect [59].

Conclusions
To sum up, this study has tested the impact of the educational intervention, in decreasing postoperative pain
intensity by encouraging patients to be part of the solution (participate in the care). The treatment was
successful in increasing patients participation in decision making, as anticipated. However, its impact on
decreasing pain intensity was only noted at the last measurement point after surgery. Patient participation in
decision making not mediated the treatment with pain intensity, even though demonstrated the same pattern.
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Figure 1

Participant’s �ow chart. Phase1 is the time before the intervention (Bassline), and phase 2 is the time after the
baseline. The gap between phase 1 and phase 2 here is about 20 weeks.
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Figure 2

Within-subject mediation (see Bolger and Laurenceau, 2013): Diagram and structural equations. To reduce
confusion, we have omitted time as a predictor and we treat X, M, and Y as varying within-subjects only.
*Adjusted for age, sex, preoperative pain, type of surgery, type of anesthesia, baseline worst pain intensity and
duration of surgery.
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Figure 3

Within-subjects mediation for satisfaction (see Bolger and Laurenceau, 2013): To reduce confusion, we have
omitted time as a predictor and we treat X, M, and Y as varying within-subjects only. *Adjusted for age, sex,
preoperative pain, type of surgery, type of anesthesia, baseline worst pain intensity and duration of surgery.
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