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LAY ABSTRACT  

The overarching goal of this thesis is to outline the importance of reporting pain 

and opioid use as interrelated outcomes, either as multicomponent or co-primary endpoints. 

Many surgical trials report these outcomes as separate entities, however, trials that assess 

these two outcomes must consider their conceptual interrelationship. Therefore, we 

conducted a systematic review to identify pain and opioid use outcome reporting within 

total knee arthroplasty randomized controlled trials. We also provide an example of a 

protocol for a multicomponent endpoint (opioid-free pain control) in a trial assessing the 

efficacy of a multicomponent pain management pathway in patients undergoing total knee 

arthroplasty. The findings of this thesis suggest that future trials should consider reporting 

pain and opioid use as either multicomponent or co-primary endpoints using appropriate 

methods to minimize type I and type II error rates.   
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ABSTRACT 

The primary focus of this thesis is to outline the importance of reporting pain and 

opioid use as interrelated outcomes either as multicomponent or co-primary endpoints. 

When more opioids are used, pain intensity can decrease, whereas inadequate analgesia can 

worsen pain. Trials that emphasize minimizing opioid use can be successful in minimizing 

opioid consumption, but patients may still suffer from pain. Similarly, trials that focus on 

decreasing pain could have increased opioid consumption to manage pain. Currently, many 

surgical trials report these outcomes as separate entities, which can be problematic as these 

outcome domains are conceptually interrelated. To our knowledge, no previous studies 

have evaluated the reporting of these two outcomes as interrelated endpoints, as well as the 

methods used to report them. As one part of this thesis, we conducted a systematic review 

to identify pain and opioid use reporting within total knee arthroplasty randomized 

controlled trials. Our review found that only 2.1% of trials reported these outcomes as either 

multicomponent or co-primary endpoints. In our secondary analysis, 44.7% of trials 

reported pain as a primary outcome, whereas 32.3% of trials reported opioid use as a 

primary outcome. We suggest that future trials consider approaches for combining these 

outcomes while using appropriate methods to minimize type I and type II error rates. As 

the second part of this thesis, we report a pilot trial protocol of an ongoing study that 

evaluates pain and opioid use outcomes in total knee arthroplasty patients. In this trial, pain 

and opioid use at the patient level are combined, as a state of opioid-free pain control, and 

serves as an example of a multicomponent endpoint.  
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The Burden of Total Knee Arthroplasty  

 Arthritis is one of the most common chronic diseases in Canada with more than 6 

million individuals affected. Over 50% of the population over the age of 65 currently suffer 

from this disease (1). Arthritis is a complex condition with different aetiologies, such as 

rheumatoid arthritis, ankylosing spondylitis, and osteoarthritis (OA). OA is more common 

than all other types of arthritis combined and can cause pain around the knee joints, which 

can impact a patient’s quality of life and function (1, 2). While there are many non-surgical 

treatments for end-stage knee OA, total knee arthroplasty (TKA; also known as total knee 

replacement) is considered to be the definitive treatment option.  TKA is the second most 

common surgery in Canada with 43,315 total knee replacements conducted between 2020-

2021 (3). While TKA is effective in reducing pain and improving function in most patients, 

some continue to have lasting pain and disability after surgery. This can be due to factors 

such as age, gender, psychological elements or post-operative complications such as 

infection, aseptic loosening, implant design, etc. (4).  

 

Chronic Post-Surgical Pain after TKA  

 While TKA is effective in managing chronic knee pain and improving function, 

approximately 8-34% of patients develop chronic post-surgical pain (CPSP) following 

surgery (5).  CPSP is defined as “pain persisting for at least three months after surgery, that 

was not present before surgery, or that had different characteristics or increased intensity 

from preoperative pain, localized to the surgical site or a referred area, and other possible 

causes of pain are excluded (e.g., cancer recurrence, infection, etc.) (6).” CPSP is known 
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to be associated with a multitude of risk factors, such as preoperative anxiety, depression, 

pain catastrophizing, age, postoperative pain management, and genetics (7). Based on a 

systematic review of 11 RCTs, the authors found that 20% of patients developed CPSP 

three months to five years after TKA (8).  The current approach in many institutions for 

managing postoperative pain, including CPSP, is that each surgeon prescribes a set of pain 

medications, usually based on surgeon preference and consisting primarily of long- and 

short-acting opioids. However, this one-size-fits-all approach of opioid prescriptions does 

not account for individual pain resolution trajectories, patient values, and preferences (9).  

 

Persistent Opioid Use After TKA  

 In a retrospective cohort study of ~70,000 arthroplasty patients, 13% of opioid-

naïve and 62% of chronic opioid users continued to use opioids one year following TKA 

(10). While opioids are an important part of perioperative pain management in orthopaedic 

surgery, their potential for long-term adverse effects is concerning (11-13). Although 

patient-reported pain has remained constant over the years, there has been an increase in 

prescribing opioids in both orthopaedic and ambulatory settings in the past few decades 

(14, 15). This rise in prescription opioids and subsequently their use within the patient 

population has led to addiction, dependence, opioid-related mortality, collectively termed 

as the “opioid epidemic (16, 17).” While the opioid epidemic is related to a multitude of 

factors, the increase in opioid prescriptions has majorly contributed to the epidemic (18). 

Additionally, the prescription of opioids postoperatively can lead to opioid misuse, 

constipation, nausea, drowsiness, overdose, etc. and can also subsequently lead to persistent 
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opioid use (POU) (19, 20). POU is defined as “continued opioid prescription use between 

90 and 180 days after the surgical procedure in a previously opioid-naïve patient (20, 21).” 

While opioid prescriptions alone cannot increase the risk of POU in opioid-naïve patients, 

higher doses and longer durations of prescriptions can (22). In a study conducted by 

Howard et al., the authors found that patients were at a higher risk of POU when the 

duration of opioid prescriptions was increased (23). Additionally, in a secondary analysis 

of a prospective cohort study, Kluger et al. found that patients were at higher risk of POU 

if patients used opioids 12 months before their surgery, had increased BMI, or had three or 

more comorbid pain sites (24).  

  

Formulating a Trial to Address the Issues of CPSP and POU  

 To address the issues of CPSP and POU, a coordinated, personalized, and pragmatic 

approach needs to be considered. Currently, the Transitional Pain Service (TPS) is being 

implemented at the Toronto General Hospital (25). This program was implemented to 

modify pain trajectories within patients who are at risk of developing CPSP, while also 

minimizing postoperative opioid consumption (25). The TPS program consists of pre- and 

postoperative scheduled visits with the patient to monitor pain and adjust the pain 

management plan accordingly (25, 26). Despite the lack of evidence to support its 

implementation, some issues with the TPS program are that it requires significant costs and 

personnel, and it does not consider a pragmatic approach to care.  

 Another example of such programs that address CPSP and POU are perioperative 

surgical homes (PSH). PSH is a “patient-centered and physician-led multidisciplinary and 
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team-based system of coordinated care that guides the patient throughout the entire surgical 

experience,” as defined by the American Society of Anesthesiologists (27). This program 

aims to consider patient preferences and values while also involving other healthcare 

personnel into any healthcare decisions, rather than just physician-centered care (27). PSH 

focuses on important aspects such as multimodal analgesia, recovery plans, and nutrition 

management peri-operatively (27). Similar to the TPS program, PSH also pre-operatively 

identifies patients who are at high risk for POU and CPSP and provides education on the 

risks of surgery and anesthesia that are pertinent to the patient (28). Additionally, 

individualized prescriptions are considered based on the patient’s history. In this model, 

the anesthesiologist is considered to be a “perioperativist” and works with the patient and 

other members of the patient’s circle of care (e.g., surgeons, nurse practitioners) to ensure 

a seamless transition from pre-admission to discharge (29). The key elements of both TPS 

and PSH are to collaborate with a multidisciplinary team and engage with the patient to 

improve their care, satisfaction, and post-operative outcomes (26, 28, 29).  

 Following the idea of PSH and TPS, we aimed to develop a pragmatic, cost-

effective, and scaled-back multicomponent pain management trial known as Opioid 

Reduction and Enhanced recovery in Orthopaedic Surgery (OREOS). The pain 

management pathway combines aspects of personalized patient care, shared decision 

making, risk stratification, patient education, and personalized postoperative prescriptions 

to enhance patient recovery postoperatively in TKA. The multicomponent pain 

management pathway will employ a pain management coordinator, who will connect with 

the patient during all phases of care. The pain management coordinator will additionally 
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liaise with both the patients and healthcare team to identify a recovery plan and 

personalized prescriptions best suited for the patient’s recovery as well as conduct weekly 

check-ins postoperatively to identify any issues with pain control, satisfaction, and 

functional recovery.  

 

An Overview of Pain and Opioid Use Outcomes  

 RCTs in the arthroplasty field commonly report pain and analgesic consumption 

outcomes (30). Pain intensity can be reported as continuous (e.g., 0-10), categorical (e.g., 

mild, moderate, severe), binary (e.g., pain-free (yes/no)), or time-to-event (e.g., time to pain 

resolution) data. Pain intensity is often measured using validated scales/questionnaires such 

as the Numerical Rating Scale (NRS), Visual Analog Scale (VAS), Verbal Rating Scale 

(VRS), etc.  

Pain can be measured at both rest and with movement, however, only a small 

portion of trials report movement-evoked pain (MEP) as an outcome or explicitly state 

whether pain was measured with movement or at rest (31). Previous studies have shown 

that adequate analgesic interventions for pain with movement can improve postoperative 

outcomes. Therefore, Gilron et al., argue that it is important to report MEP when identifying 

outcomes of interest in surgical trials (31).  

Additionally, opioid consumption can be reported as continuous (e.g., total 

morphine consumption), binary (e.g., rescue analgesia used yes/no), or time-to-event (e.g., 

time to first rescue analgesia) data (31, 32). In a systematic review conducted by Pogatzki-

Zahn et al., commonly reported methods to measure analgesic consumption among 
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perioperative pain management trials were infused anaesthetic volume, time to first 

analgesia, morphine equivalents, and frequency of opioid administration/requirements 

(33).  

 

Rationale For This Thesis 

Many trials report both pain and opioid use outcomes with one of them as the 

primary outcome. However, considering pain and opioid use as separate outcomes is 

problematic as these outcome domains are conceptually interrelated (31, 32). As more 

opioids are used, pain scores decrease, whereas inadequate analgesia can worsen pain. 

Trials that emphasize minimizing opioid use could be successful in decreasing opioids, but 

the patients could have increased pain. Trials that focus on decreasing pain may have 

increased opioid use to achieve adequate pain control. Therefore, methods of assessing 

these two outcomes together or with equal importance need to be considered if the goal is 

to minimize opioid use while managing pain appropriately.  

While there are various methods of reporting pain and opioid use as equally 

important and interrelated outcomes, many surgical trials, however, report pain and opioids 

use as separate outcomes. Within the current literature, previous studies have assessed 

various multi-item measurement tools used in surgical trials, but no studies assessing 

individual measurement tools such as VAS, NRS, prescription refills, etc., specifically for 

pain and opioid use outcomes, are available (34, 35). Additionally, to our knowledge, there 

are no studies that have evaluated the reporting of these two outcomes as interrelated 

outcomes and the methods used to report them. Therefore, a review of the current literature 
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to identify pain and opioid use reporting within TKA RCTs as equally important endpoints 

is of interest. Additionally, we provide an example of a TKA RCT (the OREOS trial) that 

assesses the effect of a multicomponent pain management pathway on pain and opioid use 

outcomes using a multicomponent endpoint (opioid-free pain control).  

 

Scope of Thesis  

 The overarching goal of this thesis is to outline the importance of reporting pain 

and opioid use as a multicomponent endpoint or as co-primary outcomes to present the 

conceptual relationship between the two. Chapter 2 is a systematic review describing the 

different measurement tools used to report pain and opioid use in TKA RCTs, with a 

particular emphasis on the use of multicomponent or co-primary endpoints assessing both 

opioid use and pain. Chapter 3 describes the design of an original RCT which aims to assess 

the efficacy of a multicomponent pain management program using a coordinated approach 

to improve pain control while minimizing opioid use. The trial protocol is an example of a 

multicomponent endpoint to report pain and opioid use. Lastly, chapter 4 will conclude 

with a brief discussion and recommendations.  
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ABSTRACT 

Background: Osteoarthritis (OA) is the most common degenerative joint diseases that 

occurs in the elderly population. Total knee arthroplasty (TKA) is a recognized treatment 

for end stage knee OA and is effective in managing pain and improving function. However, 

postoperative pain and opioid use continue to be major challenges. Trials aiming to study 

interventions to decrease these interrelated endpoints have used different priorities and 

varied approaches to measure and report pain and opioid use as clinical outcomes. The 

purpose of this study was to systematically review randomized controlled trials (RCTs) on 

TKA to describe the approaches used to measure pain and opioid use. As pain and opioid 

use are interrelated concepts, we are interested in looking at how studies report and assess 

them as equal priorities.  

 

Methods: We performed a systematic review of pain and opioid use outcomes used in knee 

arthroplasty RCTs published from Jan 1, 2012 to Oct 1, 2022. We identified eligible studies 

using Medline, Embase, and CENTRAL databases. We completed screening and data 

extraction individually and in duplicate for study inclusion and final analysis. We used 

Cochrane Risk of Bias 1.0 to assess the methodological quality of the included studies. We 

reported the final data descriptively.  

 

Results: We included 427 studies in the final analysis which assessed pain and opioid use 

outcomes in TKA. Of the 427 trials, three studies reported pain and opioid use as a 

multicomponent endpoint (e.g., time to discharge readiness or block success) and five 
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studies reported these as co-primary endpoints. In our secondary analysis, we found that 

191/427 (44.7%) trials reported pain as a primary outcome, whereas 138/427 (32.3%) trials 

reported opioid use as a primary outcome.  

 

Discussion: Despite opioid use and pain being conceptually interrelated, our review 

identified very few studies (2.1%) using pain and opioid use as combined outcomes within 

RCTs evaluating patient reported outcomes for TKA patients. Future postsurgical pain 

trials should consider reporting these as combined outcomes when appropriate for their 

study question. 

 

Funding: No funding was received for this review.  
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BACKGROUND 

 Osteoarthritis (OA) is the most common degenerative joint disease worldwide with 

a global prevalence of 16% for knee OA (1). A common treatment for end-stage knee OA 

is total knee arthroplasty (TKA) (2). While TKA is effective in managing chronic knee pain 

and improving function, 20-25% of individuals suffer from ongoing chronic post-surgical 

pain (CPSP) and dissatisfaction (3). In the context of TKAs, opioids are commonly 

prescribed to manage acute post-operative pain (3).  

 While patient-reported pain has remained constant over the years, the number of 

opioid prescriptions for pain management has increased over the past decade, especially in 

orthopaedic and ambulatory settings (4, 5). This rise in opioid prescriptions has led to their 

overuse, addiction and dependence, and an increase in mortality, often collectively termed 

as the opioid epidemic (6, 7). New strategies to appropriately prescribe opioids within the 

clinical setting are being implemented, such as personalized pain management programs, 

education, and multimodal perioperative care (8, 9).  

 In a recent systematic review of pain-related outcome domains in TKA studies, 

outcomes such as pain or pain intensity, analgesic consumption, adverse effects, 

satisfaction, or physical & psychological function were common outcome domains that 

were reported in 295 randomized controlled trials (RCTs) with pain, analgesic 

consumption, and adverse effects being more prominent (10). In majority of clinical trials, 

pain intensity and/or relief are measured with at least one of these outcomes defined as the 

primary endpoint. Pain intensity is a patient-reported outcome and is usually measured at a 

particular time point. It can be reported as continuous (e.g., Numerical Rating Scale 
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(NRS;0-10)), categorical or ordinal (e.g., none, low, moderate, severe), binary (e.g., present 

or absent), or time-to-event (e.g., time to pain resolution) data. Between movement-evoked 

pain (MEP) and pain at rest (PAR), greater pain scores have been reported with the former. 

However, only a small percentage of trials identify this distinction or report MEP as an 

outcome (11). Opioid use data can be patient-reported or obtained using hospital records or 

administrative databases via patient-controlled analgesia (PCA), medication diaries, etc. 

(12, 13). Data can be presented in the form of continuous data (e.g., milligrams of morphine 

equivalence, etc.), binary (e.g., use of opioids (yes/no)), or time-to-event (e.g., time to first 

opioid use).  

 Many trials report one of these outcomes (pain or opioid use) as a primary outcome 

and relegate the other outcome as a secondary or tertiary outcome. For example, a trial 

assessing the effect of a medication on pain management post-operatively, can choose to 

report pain intensity as a primary outcome and morphine consumption as a secondary 

outcome, or vice versa. Most conclusions are based on the results of the primary outcome 

(14). However, reporting pain and opioid consumption as separate entities can pose 

limitations as these outcomes are conceptually interrelated (12, 13). In this context, the 

concept of interrelatedness can be illustrated through the indirect proportional relationship 

between opioid use and pain (e.g., as more opioids are used, pain scores decrease, whereas 

inadequate analgesia can worsen pain). This highlights how these two outcomes are 

synergistic and should be considered as interconnected endpoints.  

 There are several options for trial investigators to report primary outcomes as 

important endpoints such as 1) co-primary outcomes; 2) multicomponent endpoints; or as 
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3) composite endpoints (15). When two or more outcomes are separately reported and 

analyzed, but with equal importance, they are known as co-primary outcomes. A 

multicomponent endpoint consists of two or more components and a participant must meet 

all individual components to meet the study endpoint (e.g., discharge readiness). Lastly, 

composite endpoints combine several events into a single outcome but an effect on at least 

one of the components counts as meeting the study endpoint. Using multiple outcomes 

poses methodological challenges, such as multiplicity which occurs when multiple 

comparisons inflate the type I error rate (15, 16). To address this challenge, appropriate 

statistical adjustments for multiplicity must be determined a priori. In contrast, co-primary 

outcomes can reduce the power of the study (inflation of the type II error rate) and 

appropriate adjustments to the sample size are needed to maintain study power (15).  

 Previous studies have outlined potential analytical approaches to combine and 

report pain scores and opioid use, but most arthroplasty trials continue to report these two 

outcomes individually (17-20). The purpose of this study is to systematically review pain 

and opioid use outcome reporting during the immediate postoperative period and as 

medium-to-long term outcomes (> 3 months after surgery) in published RCTs on TKA.  

 

Objectives 

1. To identify the number of trials reporting both pain intensity and opioid use as 

primary outcomes, either as co-primary or a multicomponent outcome.  

2. To describe and report the approaches used to assess them as co-primary or 

multicomponent endpoints.  
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3. To describe the approach used to measure and report pain intensity: primary or 

secondary outcome; continuous, categorical, or time-to-event outcome; scale or 

approach used (such as 0-10 NRS); recall instructions to participants (e.g., pain 

now, average pain, maximum pain, etc.); time points measured; and minimum 

important difference (MID) considered for sample size determination (if 

applicable).  

4. To describe the approach used to measure and report opioid use: primary or 

secondary outcome; type of measurement (e.g., continuous, binary, time-to-event); 

approach to measurement (e.g., medical records, administrative databases, pain 

diaries, etc.); time points measured; and MID considered for sample size 

determination (if applicable).  

 

METHODS 

Eligibility Criteria 

 We included any RCTs on adult patients (>18 years) undergoing TKA and assessed 

postsurgical pain and opioid use as either primary or secondary outcomes. In the case of 

studies involving more than one type of arthroplasty (e.g., hip, shoulder, or 

unicompartmental knee arthroplasty (UKA)), we included the study if the population was 

>50% TKA. We excluded any studies that were published in a language other than English, 

any animal or pre-clinical studies, conference abstracts without a full-text article, or 

protocol papers and ongoing studies without published results.  
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Information Sources 

 We identified all relevant and recent RCTs through a systematic search of Embase, 

Medline, and CENTRAL, from January 1, 2012, of each database to October 1, 2022, to 

identify studies that reported pain and opioid use outcomes in TKA. We limited the search 

to the past 10 years to capture trial reporting pertinent to the ongoing opioid epidemic (21).  

 

Search Strategy 

 We developed a systematic search strategy for each database with the assistance of 

an experienced librarian. The full strategy for MEDLINE can be found in Appendix 1.  

 

Selection Process  

We used a systematic review management software, Covidence 

(www.covidence.org), to conduct the title and abstract, and full-text phases of the screening 

process. At the title and abstract phase, we included a study if at least one reviewer decided 

to include it. Prior to the full-text screening, we conducted a pilot test was conducted using 

a random sample of ten studies to ensure consistency among reviewers. Each study was 

reviewed by two reviewers in the full-text stage. We resolved disagreements among 

reviewer pairs through discussion and/or by involvement of a third reviewer, until we 

reached consensus.  

 

Data Collection Process 
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 We developed a study-specific data extraction form and ran a pilot test with a 

random sample of five studies on Covidence. Reviewers extracted data independently, and 

in duplicate. Reviewer pairs cross checked the data for accuracy and consensus, prior to 

considering for analysis. Any disagreements were resolved among a pair, with the first 

author resolving conflicts.  

 

Data Items 

 Extracted variables included study characteristics (e.g., author, year, country, 

treatment type, follow-up duration, funding, anesthesia type, number of treatment arms), 

methodological characteristics (e.g., trial design, sample size, MID), and the outcomes of 

interest (co-primary vs. multicomponent endpoints and description of how they are 

reported, timepoints, types of measurement, etc.).  

 We collected postsurgical pain and opioid use outcomes. The following were our 

outcomes of interest:  

Primary Outcomes:  

• Number of trials that report pain and opioid use as co-primary or multicomponent 

outcomes.  

• Approach used to assess and report pain and opioid use as a co-primary or 

multicomponent outcome.  

 

Secondary Outcomes:  

Pain Outcomes:  
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• Number of trials reporting pain as a primary outcome.  

• Descriptive reporting of how pain was measured: continuous, categorical, or time-

to-event.  

• Descriptive reporting of recall instructions to patients (e.g., pain at rest or 

movement, average pain, current pain, etc.) 

• Descriptive reporting of measured time points after surgery.  

• Descriptive reporting of MID for sample size determination (if applicable). 

Opioid Outcomes:  

• Number of trials reporting opioid use as a primary outcome.  

• Descriptive reporting of how opioid use was measured: continuous, binary, time-

to-event.  

• Descriptive reporting of how opioid use was obtained (e.g., medical records, pain 

diaries, administrative databases, etc.).  

• Descriptive reporting of measured time points after surgery.  

• Descriptive reporting of MID for sample size determination (if applicable). 

 

Study Risk of Bias Assessment  

 Author pairs independently graded the methodological quality of each included 

study using the Cochrane 1.0 risk of bias tool on Covidence which addressed aspects such 

as selection, performance, detection, attrition, and reporting biases (22).  

 

Synthesis and Reporting 



MSc Thesis – Sushmitha Pallapothu; McMaster University – Health Research 
Methodology 

 23 

 Descriptive statistics such as frequencies, means, and standard deviations were used 

to summarize the study characteristics. We presented the frequency data as percentages 

when we described the use of reported outcomes and MID. Approaches used to measure 

pain and opioid use as co-primary or multicomponent outcomes were described narratively.  

 We reported the duration of follow-up as very short-term postoperative period (≤ 3 

days), short-term (4 days – 3 months), or medium to long-term (≥ 3 months after surgery). 

We categorized interventions for pain management as nerve blocks, local infiltration 

analgesia, and pain medications. Other interventions were classified into either 

rehabilitation, anesthetic technique (general vs. neuraxial), surgical techniques, device, 

education, or other. Timing of intervention was identified as pre-, intra-, or post-operative, 

with intra-operative defined as any treatment that occurred from skin incision to skin 

closure.  

 

RESULTS 

Study Selection  

 We identified 31,317 citations from three primary databases [MEDLINE n=11,585; 

EMBASE n=15,449; CENTRAL n=4,282]. After all phases of screening were completed, 

427 studies were included for data extraction and analysis. A detailed PRISMA flow 

diagram outlining the main reasons for exclusions and number of studies included at each 

stage is provided in Figure 1.  

 

Study Characteristics  
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 All studies in this systematic review were RCTs on TKA that assessed pain and 

opioid use outcomes. Most trials were conducted in Asia (179/427; 41.9%) or North 

America (131/427; 30.7). Most had a parallel design (424/427; 99.3%), with one of them 

as a cluster RCT and three were crossover RCTs (3/427; 0.7%). Additionally, eight of the 

included trials were pilot studies. The mean sample size was 104.7 (SD 85.4). Among 

studies that reported funding (290/427; 67.9%), majority were non-industry funded 

(51.4%). Studies primarily assessed outcomes in a very short time frame (≤ 3 days 

postoperatively; 226/427; 52.9%), with 118 (27.6%) and 83 (19.4%) trials assessing 

outcomes of interest between 4 days to 3 months or ≥ 3 months, respectively. Majority 

compared pain management treatments (352/427; 82.4%) either pre- (169/427; 39.6%), 

intra- (198/427; 46.7%), or postoperatively (181/427; 42.4%). Additional details of the 

study characteristics are provided in Table 1.  

 

Risk of Bias in Studies  

 The risk of bias across studies is shown in a summary diagram in Figure 2. Most 

studies reported low risk of bias for random sequence generation, allocation concealment, 

and incomplete outcome data. Blinding of participants and personnel, blinding of outcome 

assessors, and selective reporting were the most concerning for risk of bias as many studies 

had unclear or high risk of bias.   

 

Primary Outcome Analysis  

Multicomponent Outcomes 
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 Three papers reported pain and opioid use as a multicomponent outcome (23-25). 

Zhang et al., was a three-arm parallel RCT which compared three different doses of 

ropivacaine for a continuous femoral nerve block (24). The primary outcome was time to 

discharge readiness, defined as mean pain score at rest and with movement <4 (0-10), 

independence from intravenous and rescue opioids in the previous 12 hours, and 

ambulation of at least 30 meters, reported in days (24). Similarly, Machi et al., also reported 

time to discharge readiness as their primary outcome, reported in hours (25). The following 

criteria had to be fulfilled to meet the primary endpoint: 1) adequate analgesia (mean pain 

scores at rest <4 using NRS (0-10); 2) independence from intravenous opioids for at least 

12 hours; 3) ability to stand, walk 3 meters, walk back, and sit down independently (Timed 

Up and Go test); and 4) unassisted ambulation of at least 30 meters evaluated using the 6-

minute walk test (25).  Lastly, Wang et al., identified block success as their primary 

outcome, which consisted of pain scores at rest <3 using NRS (0-1) and <5 during 

movement, as well as no rescue analgesia requirements within the first 6 hours following 

TKA (23). Block success was reported as a binary outcome (23).” Another trial identified 

pain and opioid use as a combined outcome (pain free time) (26). Pain free time was defined 

as time since analgesic administration immediately after surgery (0 hours) and up to the 

administration of a morphine rescue dose with a Visual Analog Scale (VAS) pain score ≤ 

3 (0-10). The endpoint was reported as both a continuous variable and as a proportion (26). 

 Three of the four paper that reported the outcome of interest as multicomponent 

endpoints, reported these outcomes as dichotomous data (23-25). In the trials which 

reported time to discharge or block success, cut-offs were set for pain scores and opioid 
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consumption (e.g., pain score < 3 using VAS) and patients who met each threshold were 

considered to have reached the endpoint.  

 

Co-Primary Outcomes 

 Five papers reported pain and opioid use as co-primary outcomes (27-31). In the 

first study, local infiltration analgesia (LIA) with liposomal bupivacaine was compared 

with LIA alone. Mont et al., compared pain using VAS with an area under the curve (AUC) 

between 12-48 hours and total opioid consumption from 0 to 48 hours (27). The co-primary 

endpoints were assessed using analysis of variance. AUC VAS pain scores were compared 

between the two interventions using a one-tailed test (α = 0.025) (27). If VAS pain intensity 

AUC was statistically significant, opioid consumption was then also tested at 0.025 (one-

sided). If an effect of the treatment was shown on both of the co-primary endpoints, the 

secondary efficacy endpoints were assessed using a hierarchical, fixed sequence, 

sequentially rejective approach (27). Three studies used a joint hypothesis test to evaluate 

their outcomes (29-31). Rawal et al., compared etoricoxib (90 or 120 mg), ibuprofen, or 

placebo (28). The co-primary outcomes of this trial were average pain intensity difference 

at rest (NRS) from days 1-3 postoperatively and average daily morphine consumption from 

days 1 to 3 (28). First, the authors compared the effects of a 120mg etoricoxib dose with 

the placebo on each of the co-primary endpoints. If 120mg of etoricoxib was superior to 

placebo on each of the co-primary endpoints (α = 0.05, two-sided), only then was the 90mg 

dose compared against placebo (α = 0.05, two-sided) (28). Since both of the etoricoxib 

doses had to show an effect on both of the co-primary outcomes to show superiority to 
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placebo, the step-down testing procedure controlled the type I error rate (multiplicity) at 

5% by splitting the α (28). The co-primary endpoints in Kim et al., were identified as such: 

quadriceps muscle strength, pain scores, and total opioid consumption to compare an 

adductor canal block (ACB) against a femoral nerve block (FNB) (29). Quadriceps muscle 

strength (measured using a dynamometer), pain intensity (NRS), and opioid consumption 

were assessed from 6 to 8 hours, postoperatively (29). A two-step sequential testing 

procedure was conducted where non-inferiority on all co-primary outcomes was tested first, 

followed by a superiority test. The outcomes were tested as multiple primary endpoints for 

the superiority test. ACB was considered superior to FNB if effects were shown on at least 

one of the primary outcomes, specifically quadriceps strength (29). Each endpoint was 

tested at α=0.025 (one-sided t-test) for non-inferiority and α=0.008 [splitting the α by 3 (for 

each of the three outcomes)] for the superiority test. The Holm-Bonferroni stepdown 

procedure was used to control for the family-wise error rate for the superiority test (29). In 

Yadeau et al., duloxetine and placebo groups were compared (30). If both of the co-primary 

endpoints (pain intensity and opioid consumption) were non-inferior within the duloxetine 

group, only then was superiority tested. In the superiority test, if duloxetine showed effects 

on either one of the outcomes, then duloxetine was favoured (30). The endpoints were 

tested at α=0.025 (one-sided two-sample t-test) for non-inferiority, whereas the superiority 

test was performed at α = 0.017 (one-sided two-sample t-test). A Bonferroni adjustment 

was used to correct for multiplicity for the superiority test (30). Lastly, Farag et al., tested 

the non-inferiority of the interventions on all co-primary outcomes (pain intensity and 

cumulative morphine consumption) first, followed by a superiority test (31). The authors 
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did not make any adjustments to the significance criteria as the treatment had to show 

effects on both outcomes to claim superiority. Each co-primary outcome was tested at α = 

0.025 (one-sided t-tailed test) (31). A summary of the study characteristics for the primary 

outcome analyses are outlined in Table 2.  

 Of the trials that reported co-primary outcomes, we found that various methods, 

such as the joint hypothesis test, serial gatekeeping, and step-down procedures were used 

to assess the efficacy of the treatment on the co-primary endpoints. In these trials, there 

were no problems of multiplicity when testing the co-primary endpoints, but appropriate 

adjustments were made to the secondary endpoint tests using the Holm and Bonferroni 

methods. Since an effect has to be shown on both of the co-primary endpoints, the overall 

alpha was split among the co-primary endpoints to accommodate for the loss of power.  

 

Secondary Outcome Analysis 

 Pain was reported as a primary outcome in 191 (44.7%) studies while 236 (55.3%) 

studies reported it as a secondary outcome. Most studies reported pain using continuous 

data (426/427; 99.8%), whereas only 12 (2.8%) and 1 (0.2%) study reported pain using 

categorical and time-to-event data, respectively. VAS (60.9%) and NRS (29.0%) were the 

most frequently used tools to measure pain. Common instructions used to obtain pain were 

“current pain” (137/427; 32.1%) or pain at rest and movement (184/427; 43.1%). Pain was 

primarily recorded using a questionnaire (421/427; 98.6%). Pain outcomes alone were often 

assessed within 3 days (very short follow-up) following total knee arthroplasty (410/427; 

96.1%) or between 4 days and 3 months (short follow-up; 128/427; 30.0%). Only 60 
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(31.4%) trials reported MID for pain within their sample size calculation in studies where 

pain was reported as a primary outcome.  

 Opioid use was reported as a primary outcome in 138 (32.3%) studies while 289 

(67.7%) studies reported it as a secondary outcome. Most studies reported opioid use as 

continuous measurements (411/427; 96.3%), while 46 (10.8%) reported this outcome as a 

binary measurement. Opioid use was primarily recorded/obtained from medical records 

(408/427; 95.6%) or medication diaries (31/427; 4.9%). Most studies measured opioid use 

within 3 days post-operatively (380/427; 89.0%) or within 3 months (63/427; 14.8%) 

following TKA. Only 29 (21.0%) trials reported MID for opioid consumption within their 

sample size calculation in studies that reported opioid use as a primary outcome. Additional 

details of the secondary outcome analysis are outlined in Table 3.  

 

DISCUSSION 

The purpose of our study was to systematically review RCTs on TKA which report 

pain and opioid use and evaluate how investigators report these outcomes. Our results 

found that only 2.1% of trials reported these outcomes using a combination of outcomes to 

capture pain and opioid use, whereas 98% of the included trials reported these outcomes as 

separate entities. In the trials that reported these outcomes as separate entities. Trials 

assessing different pain management strategies following TKA may want to consider both 

pain and opioid use as primary outcomes as patients usually suffer from moderate to severe 

pain and hence rely on opioids during recovery. Measurement of one outcome, such as 

pain, without accounting for the change in the use of opioids would provide incomplete 
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information because use of opioids can be patient dependent and differentially affect pain 

intensity. Among the trials that reported pain and opioid use as either co-primary or 

multicomponent endpoints, outcomes were only assessed in the short term (< 3 months). 

Future trials should consider assessing these outcomes in the long-term (>3 months) as it 

would be useful to assess how many patients develop CPSP three months post-operation.  

 Of the papers that reported pain and opioid use outcomes as multicomponent 

endpoints, the outcomes were reported as dichotomous data (23-25). While dichotomizing 

continuous data can simplify the statistical analysis and presentation and interpretation of 

results, a limitation is that it can lead to a loss of information due to reduction of data (32). 

Furthermore, in the two studies that assessed time to discharge, other components such as 

the 6-minute walk test were included (24, 25). While the addition of different components 

to a multicomponent endpoint depends on the study objectives and treatments that are 

assessed, the inclusion of more components can decrease the chances of reaching the 

endpoint/event.  

 When using co-primary endpoints, increasing the alpha for each of the co-primary 

endpoints is not acceptable as it may undermine the ability to interpret a treatment effect 

on each of the co-primary outcomes (15). Future studies should consider splitting the 

overall alpha among the co-primary endpoints to prevent inflation of the type I error rate.  

 Our systematic review highlights that various combinations of measurement tools 

and recall instructions are used among trials. Currently, there is discussion about the need 

to develop core outcome sets for pain research that encompass pain intensity, pain 

interference, pain and physical functioning, temporal aspects of pain, description of pain, 
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emotional characteristics, use of pain medications, and improvement and satisfaction with 

pain relief (33-35). In a study conducted by Wylde et al., pain features within each domain 

were identified (e.g., pain intensity: average pain, worst pain, controllable pain) (34). While 

core outcome sets are helpful in guiding authors on the various methods and tools that can 

be used to assess pain qualities, a one-size-fits-all approach may not be applicable to all 

postsurgical pain trials as outcomes are determined based on the type of treatment and 

objectives of the trial.   

 The results of our review are limited by several factors, one of which is that we only 

included studies published in English which limited our assessment of study outcomes that 

may be reported in articles published in other languages. In the context of risk of bias 

analysis, any judgements noted as “unclear” were not further clarified with study authors. 

Additionally, majority of the included studies were of low-quality evidence, in the context 

of selective outcome reporting and blinding when we assessed risk of bias. Higher quality 

evidence is needed to support the results of this systematic review. Lastly, we only chose 

to include studies that focused primarily on TKA which limited the generalizability of the 

results. Future reviews should consider assessing all types of knee arthroplasties 

(unicompartmental, patellofemoral, etc.).  

 Despite the limitations, our study encompasses a rigorous review of the current 

literature from RCTs surrounding postoperative pain and opioid use. To ensure accuracy, 

aspects of this review were completed in duplicate including study inclusion, screening, 

quality assessment, and data extraction. Additionally, to our knowledge, this study is the 

first systematic review that assesses the frequency of combined endpoints in the context of 
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pain and opioid use outcomes, utilized in TKA RCTs. As such, this review highlights 

necessary study aspects and measures that are needed for future research.  

 

Conclusion 

 In conclusion, there are limited studies which consider pain and opioid use as 

explicitly interrelated outcomes in TKA trials. We suggest that future trials that assess pain 

management strategies and involve pain and opioid use as outcomes, consider combining 

these as either multicomponent or co-primary endpoints. Based on the study design and 

other attributes, trials should use appropriate methods to combine either continuous or 

dichotomous outcomes ensuring measures to minimize type I and type II error rates.  
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Figure 1: PRISMA flow diagram. 
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Table 1: Study Characteristics 

Study Characteristics n=427 
Year of Publication, n (%) 
     2011 
     2012 
     2013 
     2014 
     2015 
     2016 
     2017  
     2018  
     2019  
     2020  
     2021 
     2022 

 
11 (2.6) 
25 (5.9) 
30 (7.0) 
26 (6.1) 
37 (8.7) 
35 (8.2) 
35 (8.2) 
43 (10.1) 
42 (9.8) 
44 (10.3) 
52 (12.2) 
50 (11.7) 

Country, n (%) 
     Asia  
     North America 
     Europe 
     Australia 
     Africa 
     South America 
     Not reported 
     Unclear 

 
179 (41.9) 
131 (30.7) 
93 (21.8) 
11 (2.6) 
8 (1.9) 
5 (1.2) 
5 (1.2) 
1 (0.2) 

Trial Design, n (%) 
      Parallel 
      Crossover 
      Cluster 

 
424 (99.3) 
3 (0.7) 
1 (0.2) 

Funding, n (%) 
      Not-for-profit  
      For-profit  
      Both  
      Not funded 
      Not reported 

 
149 (34.9) 
19 (2.1) 
7 (1.6) 
115 (26.9) 
137 (32.1) 

Sample Size, n (%) 
      ≤ 100 
      101-500 
      > 500 
     Mean sample size (SD) 

 
285 (66.7) 
138 (32.3) 
4 (0.9) 
104.72 (85.4) 

Overall Follow-Up Duration, n (%) 
     Very Short Follow-up (≤ 3 days) 
     Short Follow-up (4 days-3 months) 
     Medium-Long Follow-up (≥ 3 months)  

 
226 (52.9) 
118 (27.6) 
83 (19.4) 
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Population, n (%) * 
      TKA only  
      TKA & THA 
      TKA & UKA  

 
411 (96.3) 
14 (3.3) 
2 (0.5) 

Number of Treatment Arms, n (%) 
        2 arms 
        3 arms 
        > 3 arms  

 
325 (76.1) 
83 (19.4) 
19 (4.4) 

Type of Treatment, n (%) 
       Pain Management 
       Rehabilitation 
       Anesthetic Technique 
       Surgical Technique  
       Device  
       Education 
       Other 

 
352 (82.4) 
5 (1.2) 
24 (5.6) 
14 (3.3) 
3 (0.7) 
6 (1.4) 
41 (9.6) 

Anesthesia Type, n (%)  
       General Anesthesia 
       Neuraxial (Spinal or Epidural) 
       Not reported 

 
145 (34.0) 
279 (65.3) 
43 (10.1) 

Administration of Treatment, n (%)  
       Preoperative 
       Intraoperative 
       Postoperative 
       Treatment was administered at more than one of the above 

time                          points 

 
169 (39.6) 
198 (46.4) 
181 (42.4) 
112 (26.2) 

*TKA: total knee arthroplasty; THA: total hip arthroplasty; UKA: unicompartmental knee     

arthroplasty 
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Figure 2: Summary of risk of bias of included studies 

 

 

 

 

 

 

 

 

 

 

 



MSc Thesis – Sushmitha Pallapothu; McMaster University – Health Research 
Methodology 

 37 

Table 2: Primary outcome analyses (multicomponent and co-primary outcomes)  

Study Interventions Description of 
Analysis Pain Outcomes Opioid Use 

Outcomes 
Multicomponent Outcomes 

Zhang 
2020 
(24) 

0.1%, 0.15%, 
or 0.2% of 
ropivacaine for 
a continuous 
femoral block 

Discharge readiness: 
Pain scores < 4, 
independence from 
intravenous and rescue 
opioids in the previous 
12 hours, and 
ambulation of at least 
30 meters.  

Pain was 
measured using 
NRS both at rest 
and with 
movement with a 
questionnaire.  
 
No MID was 
reported for pain. 

Opioid use was 
measured using 
medical records. 
Total intravenous 
morphine from 0-48 
hours was assessed.  
 
No MID was 
reported for opioid 
use.  

Machi 
2015 
(25) 

ACB versus 
FNB 

Discharge readiness: 
pain scores <4, 
independence from 
intravenous and rescue 
opioids for at least 24 
hours post-operatively, 
ability to stand and sit 
down on their own 
(timed up and go test), 
and unassisted 
ambulation for at least 
30 meters (6-minute 
walk test).  

Pain at rest was 
measured using 
NRS every 4 
hours using a 
questionnaire.  
 
No MID was 
reported for pain.  

Opioid use was 
measured using 
medical records. 
Number of patients 
that were opioid-
free for 12 hours 
was assessed. Total 
morphine 
consumption was 
also recorded over 
96 hours.  
 
No MID was 
reported for opioid 
use.  

Wang 
2020 
(23) 

ACB versus 
IPACK 

 
 

Block success: defined 
as pain <3 during rest 
and <5 during 
movement and no 
rescue analgesia within 
6 hours following 
TKA. 

Pain at rest was 
assessed using 
NRS in the 
recovery room, 
2, 4, and 6 hours 
after surgery 
using a 
questionnaire.  
 
No MID was 
reported.  

Opioid use was 
obtained from the 
patient’s medical 
records and was 
assessed as patients 
receiving rescue 
analgesia (yes/no) 
within 6 hours after 
completing surgery.  
 
No MID was 
reported.  
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Nicolino 
2020 
(26) 

PIA only 
versus PIA 
plus peripheral 
saphenous 
nerve block 

Pain free time: time 
since analgesic 
administration 
immediately after 
surgery, up to the 
administration of a 
morphine rescue dose 
for a VAS pain score ≤ 
3/10 

Pain at rest was 
measured using 
NRS every 4 
hours using a 
questionnaire.  
 
No MID was 
reported.  

Opioid use was 
obtained from 
medical records. 
Number of rescue 
medication doses 
were recorded at 24 
and 48 hours, post-
operatively.  
 
No MID was 
reported.  

Co-Primary Outcomes 
Mont 
2018 
(27) 

LIA with 
liposomal 
bupivacaine 
versus LIA 
with 
bupivacaine 
HCl 

The co-primary 
outcomes were defined 
as the area under the 
curve for VAS pain 
scores 12-48 hours and 
total opioid 
consumption 0-48 
hours after TKA. 

Pain intensity 
was measured 
using VAS 
between 12-48 
hours after 
surgery.  
 
No MID was 
reported.  

Total opioid 
consumption was 
obtained from the 
patient’s medical 
records between 0-
48 hours after 
surgery.  
 
No MID was 
reported.  

Rawal 
2013 
(28) 

Etoricoxib 
versus 
ibuprofen 
versus placebo 

The co-primary 
endpoints included 
average pain using the 
NRS and total daily 
morphine dose over 1-3 
days following TKA.  

Average pain 
scores at rest 
were assessed 
using NRS over 
days 1 to 3 post-
operatively using 
a questionnaire.  
 
Secondary 
outcomes 
included change 
in pain at rest 
from baseline to 
4-7 days and 
pain with 
movement over 
days 4-7.  
 
The MID for 
pain at rest was 
considered to be 

Total daily 
morphine use was 
obtained from the 
patient’s medical 
records.  
 
No MID was 
reported.  
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2 points on the 
NRS.  

Kim 
2014 
(29) 

ACB versus 
FNB 

The co-primary 
endpoints included 
quadriceps muscle 
strength, pain scores, 
and total opioid 
consumption measured 
from 6 to 8 hours, post-
operatively. 

Pain intensity 
was assessed 
using NRS at 6 
and 8 hours, 
post-operatively. 
 
No MID was 
reported for pain 
intensity.   

Total opioid 
consumption was 
obtained from 
medical records for 
6-8 hours post-
operation.  
 
No MID was 
reported for opioid 
use.  

YaDeau 
2022 
(30) 

Duloxetine 
versus placebo 

The co-primary 
endpoints were pain 
intensity (NRS) with 
movement (POD 1, 2, 
14) and cumulative 
morphine consumption 
(0-14).   

Pain intensity 
was measured 
using NRS with 
movement on 
POD1, POD2, 
and POD14. 

Cumulative 
morphine 
consumption was 
obtained from 
medical records for 
POD0-14.  
 
The MID for opioid 
consumption within 
the superiority test 
was 25% (108.1 
mg).  
 
 

Farag 
2014 
(31) 

Femoral nerve 
catheter 
guidance either 
by 1) 
ultrasound; 2) 
ultrasound + 
electrical 
stimulation via 
the needle; 3) 
ultrasound + 
electrical 
stimulation via 
the needle and 
catheter 

The co-primary 
endpoints were pain 
intensity using VRS 
and cumulative 
morphine consumption 
within the first 48 hours 
after TKA.  

Pain was 
measured using 
VRS every 30 
minutes in 
recovery and 
every 4 hours for 
48 hours using a 
questionnaire.  
 
No MID was 
reported for pain.  

Opioid use was 
measured using 
medical records. 
Cumulative opioid 
use was measured 
from 0-48 hours.  
 
No MID was 
reported for opioid 
use. 

ACB: adductor canal block; FNB: femoral nerve block; PIA: periarticular infiltration; 

LIA: local infiltration analgesia; IPACK: infiltration of the popliteal artery and capsule of 
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the posterior knee; POD: post-operative day; VRS: verbal response scale; NRS: numerical 

rating scale.   
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Table 3: Secondary outcome analyses 

 Overall 
n=427 

Pain Outcomes 
Was pain a primary outcome?, n(%)  
       Yes 
       No 

 
191 (44.7) 
236 (55.3) 

Was the measurement reported as either continuous, categorical, 
or time-to-event? (multiple options can be chosen), n(%) 
       Continuous 
       Categorical 
       Time-to-Event 

 
 
426 (99.8) 
12 (2.8) 
1 (0.2) 

What tool was used to report pain? (multiple options can be 
chosen), n(%)   
       VAS 
       NRS 
       VNRS 
       WOMAC Pain subscale 
       McGill Pain 
       BPI Pain Severity 
       Other 
       Not Reported 

 
 
260 (60.9) 
124 (29.0) 
14 (3.3) 
4 (0.9) 
2 (0.5) 
3 (0.7) 
19 (4.4) 
8 (1.9) 

What instructions were used to obtain pain measurements? 
(multiple options can be chosen), n(%) 
       Current pain 
       Pain at rest 
       Pain with movement 
       Pain at rest & movement 
       Average pain 
       Maximum pain 
       Minimum pain 
       Pain during sleep 
       Other 

 
 
137 (32.1) 
53 (12.4) 
34 (8.0) 
184 (43.1) 
27 (6.3) 
41 (9.6) 
7 (1.6) 
11 (2.6) 
19 (4.4) 

How was pain recorded? (multiple options can be chosen), n(%)   
       Questionnaire 
       Pain diary 
       Not reported 

 
421 (98.6) 
8 (1.9) 
1 (0.23) 

When was pain measured (all time points)? (multiple options can 
be chosen), n(%)    
       Very short period (≤ 3 days) 
       Short period (4 days-3 months) 
       Medium-long period (≥ 3 months) 
       Discharge (unspecified) 

 
 
407 (95.3) 
128 (30.0) 
47 (11.0) 
3 (0.7) 
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Was MID reported for studies that reported pain as a primary 
outcome?, n(%) 
        Yes 
        No 

 
 
60 (31.4) 
131 (68.6) 

Opioid Use Outcomes 
What opioid use a primary outcome?, n(%)  
       Yes  
       No 

 
138 (32.3) 
289 (67.7) 

Was opioid use reported as continuous, binary, or time-to-event? 
(multiple options can be chosen), n(%) 
       Continuous 
       Binary 
       Time-to-event 

 
 
411 (96.3) 
46 (10.8) 
37 (8.7) 

How was opioid use measured? (multiple options can be chosen), 
n(%)  
       Medical records 
       Diaries 
       Prescription refills (unspecified) 
       Population database 
       Not reported 

 
 
408 (95.6) 
31 (4.9) 
4 (0.9) 
2 (0.5) 
3 (0.7) 

When was opioid use measured (all time points)? (multiple 
options can be chosen), n(%)  
       Very short period (≤ 3 days) 
       Short period (4 days-3 months) 
       Medium-long period (≥ 3 months) 
       Discharge (unspecified) 

 
 
380 (89.0) 
63 (14.8) 
9 (2.1) 
13 (3.0) 

Was MID reported for studies that reported opioid use as a 
primary outcome?, n(%) 
       Yes 
       No 

 
 
29 (21.0) 
109 (79.0) 
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APPENDIX ONE 

Search Strategy using MEDLINE:  

MEDLINE (OVID) 
Database: OVID Medline Epub Ahead of Print, In-Process & Other Non-Indexed Citations, 
Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present 
Search Strategy: 
-------------------------------------------------------------------------------- 
1     Arthroplasty, Replacement, Knee/ (30027) 
2     Knee Joint/su [Surgery] (19447) 
3     TKA.mp. (15033) 
4     (knee adj3 (replace* or arthroplast*)).mp. [mp=title, book title, abstract, original 
title, name of substance word, subject heading word, floating sub-heading word, 
keyword heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, synonyms] 
(44402) 
5     (knee* adj3 (replac* or arthroplast* or prosthe*)).mp. (48173) 
6     exp Knee Joint/ (69469) 
7     Knee/ (15721) 
8     Arthroplasty, Replacement/ (6535) 
9     (arthroplast* or replac* or prosthe*).mp. [mp=title, book title, abstract, original 
title, name of substance word, subject heading word, floating sub-heading word, 
keyword heading word, organism supplementary concept word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier, synonyms] 
(821407) 
10     (6 or 7) and (8 or 9) (17603) 
11     1 or 2 or 3 or 4 or 5 or 10 (62064) 
12     randomized controlled trial.pt. (578719) 
13     controlled clinical trial.pt. (95070) 
14     randomi?ed.ab. (691152) 
15     placebo.ab. (232376) 
16     drug therapy.fs. (2536878) 
17     randomly.ab. (392974) 
18     trial.ab. (619576) 
19     groups.ab. (2417902) 
20     or/12-19 (5499055) 
21     exp animals/ not humans.sh. (5053872) 
22     20 not 21 (4793832) 
23     11 and 22 (16367) 
24     limit 23 to yr="2012 -Current" (11585) 
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ABSTRACT 

Background: Knee arthritis is a leading cause of limited function and long-term disability 

in older adults. Despite a technically successful total knee arthroplasty (TKA), around 20% 

of patients continue to have persisting pain with reduced function, and low quality of life. 

Many of them continue using opioids for pain control, which puts them at risk for potential 

long-term adverse effects such as dependence, overdose, and risk of falls. Although 

persisting pain and opioid use after TKA have been recognised to be important issues, 

individual strategies to decrease their burden have limitations and multi-component 

interventions, despite their potential, have not been well studied. In this study, we propose 

a multi-component pathway including personalized pain management, facilitated by a pain 

management coordinator. The objectives of this pilot trial are to evaluate feasibility 

(recruitment, retention, and adherence), along with opioid-free pain control at 8 weeks after 

TKA.  

 

Methods: This is a protocol for a multicentre pilot randomized controlled trial using a 2-

arm parallel group design. Participants in the intervention group will receive support from 

a pain management coordinator who will facilitate a multicomponent pain management 

pathway including: 1) preoperative education on pain and opioid use; 2) preoperative risk 

identification and mitigation; 3) personalized post-discharge analgesic prescriptions; 4) 

continued support for pain control and recovery up to 8 weeks post-op. Participants in the 

control group will undergo usual care. The primary outcomes of this pilot trial are to assess 
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the feasibility of participant recruitment, retention, and adherence to the interventions, and 

key secondary outcomes are persisting pain and opioid use.  

 

Discussion: The results of this trial will inform implementation of a coordinated approach, 

integrating a multicomponent pain pathway to improve pain control and reduce harms, 

while keeping an emphasis on patient centered care and shared decision making.  

 

Trial Registration: Prospectively registered in Clinicaltrials.gov (NCT04968132).  

 

Keywords: Persisting pain, Feasibility, Opioid reduction, Knee arthroplasty, 

Multicomponent intervention 

 

 

 

 

 

 

 

 

 

 

 



MSc Thesis – Sushmitha Pallapothu; McMaster University – Health Research 
Methodology 

 51 

BACKGROUND 

Arthritis is a very common and painful joint condition affecting 6 million 

Canadians, and nearly 1 in 2 Canadians over the age of 65 (1, 2).  Osteoarthritis (OA) is 

the most common form, affecting more people than all other forms of arthritis combined 

(2). End-stage knee OA is treated by total knee replacement (also known as total knee 

arthroplasty; TKA), which results in substantial improvements in pain and functional 

outcomes for most people. TKA is the second most common surgery in Canada with 

>75,000 procedures performed in Canada in 2018-2019 (3, 4).  Although TKA is 

considered to be a successful treatment, around 20-25% of patients have lasting pain after 

surgery (5, 6). Chronic post-surgical pain (CPSP) is complex, and factors known to be 

associated with it include pre-operative psychological factors like anxiety, depression, and 

pain catastrophizing; pre-existing chronic pain and opioid use; and the severity and duration 

of postoperative pain (7-10). Among patients who develop CPSP after TKA, 56% of them 

continue use of opioid analgesics at 30 days after surgery, 40% after 4 months, and 25% 

after 2 years (11-13). The traditional approach to post-discharge pain management has been 

for orthopaedic surgeons to prescribe a set number of institutionally standardized pain 

management medications, which can include non-steroidal anti-inflammatory drugs 

(NSAIDs) and/or opioids, without accounting for individual pain trajectories and 

preferences. However, studies have suggested that distinguishing problematic pain 

resolution from normal resolution may not be possible unless we appreciate individual 

patterns over time by personalized assessment and management following TKA (14).  



MSc Thesis – Sushmitha Pallapothu; McMaster University – Health Research 
Methodology 

 52 

Opioids are an important part of perioperative pain management (15-17). However, 

their potential for long-term adverse effects such as persistent opioid use (POU) (18), 

addiction and dependence, overdose, diversion of unused pills (19, 20), and death in severe 

cases are well recognized (15, 21). Patients using preoperative opioids are particularly at 

risk; 64 to 77% of chronic opioid users continue to use opioids after surgery, particularly 

after arthroplasty (22, 23). In general, reducing opioid prescriptions can certainly help as 

not all patients may need opioids (24-26). However, limiting opioids without 

individualizing the treatment of persistent pain can potentially drive patients to illicit 

sources.  

A recent scoping review identified 141 studies to decrease opioid use in orthopedic 

surgery, of which 70 were in the arthroplasty field (49.6%). Only 8.5% (12/141) of studies 

followed patients beyond seven days, only four had follow up of three or more months, 

further only 24% of TKA studies used multimodal interventions. None of them had a 

preoperative education and risk reduction component. Important findings included were: 

1) Both preoperative pain and preoperative opioids independently increase the risk of 

persistent pain and chronic opioid needs (10, 22, 27-19). Despite this, most studies have 

excluded such patients, thereby limiting the external validity (30); 2) most studies are 

associated with attempts to achieve in-hospital opioid free care (31, 32), which has not been 

shown to influence long term opioid use (17); 3) most studies have focused on single 

interventions with limited or no effect (33, 34), 4) the majority of studies involve a follow-

up duration of a few weeks or less (30, 31, 34); and most importantly, 5) existing trials do 

not take into account the individual variability within patients for pain resolution (35). 
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Perioperative surgical home (PSH) care pathways are defined by the American 

Society of Anesthesiologists as “patient-centered and physician-led multidisciplinary and 

team-based system of coordinated care that guides the patient throughout the entire surgical 

experience”. Over the last decade or so, several publications have highlighted its potential 

role in overcoming problems at the population level by providing a system that provides 

coordination during all phases of surgery (36). Despite this, a recent (2020) systematic 

review on PSH demonstrated only low evidence for studies supporting its use (37). 

Similarly, there are no RCTs on transitional pain clinic approaches, which have become 

conceptually very popular and are currently being used in many centres (38). Based on the 

literature, we identified the need of four components that form the core of our care 

pathway/intervention arm; 1) patient education and expectation setting, 2) identification 

and modification of preoperative risk factors, 3) personalized analgesic prescriptions, and 

4) continued support for pain control and recovery.  

In our study, we will employ a pain management coordinator to coordinate all 

aspects of the trial intervention. Patients will be taken through a multicomponent pathway 

during their perioperative phases, which will be compared with routine care. Pain 

management coordinators have been used in many such models of care, such as for 

osteoporotic fracture screening and prevention (39), pre-habilitation for frail surgical 

patients (40), and delirium prevention in surgical patients (41).  

Before embarking on a larger trial, we plan to assess the feasibility of implementing 

the components at each site. The overarching goal is to implement and evaluate a 
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coordinated approach to clinical care, to improve pain control and reduce harms, with an 

emphasis on patient centred care and shared decision making. 

 

OBJECTIVES 

The principal objective is to assess the feasibility of conducting a larger randomized 

controlled trial (RCT) of a multicomponent care pathway versus standard care to improve 

pain control and decrease opioid use in TKA patients.  

 

Feasibility objectives 

The feasibility objectives will be to evaluate adherence to the study intervention, 

participant recruitment, and participant retention. We will observe any challenges in 

implementing the study interventions and data collection procedures to consider 

appropriate changes to the final design.  

 

Clinical objectives  

The clinical objectives will be the objectives of the definitive trial. The primary 

objective for the definitive trial will be to assess the effect of the multicomponent 

interventional pathway on opioid free pain control at 8 weeks after TKA versus standard 

care. We define opioid free pain control as a state of good pain control (three consecutive 

days of <4/10 pain score on a 0-10 numerical rating scale [NRS] with no opioid use for the 

operated knee). Other objectives include evaluating:  

• Presence of CPSP at 3, 6, 9, and 12 months (46) 
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• Presence of POU at 3, 6, 9, and 12 months  

• Average intensity of CPSP at rest and with movement at 3, 6, 9, and 12 months 

• Satisfaction with pain control at 3, 6, 9, and 12 months  

• Return to function at 3, 6, 9, and 12 months  

• Knee function at 3, 6, 9, and 12 months  

• Quality of life at 3, 6, 9, and 12 months  

• Operative and knee-related complications during the study 

• Economic analyses 

 

METHODS 

Overview of the design  

This is a multicenter pilot randomized controlled trial using a 2-arm parallel group 

design (Figure 1). For the pilot trial, we aim to recruit participants from three high volume 

arthroplasty hospitals in Ontario. For the definitive trial, we will aim to increase this to 7-

10 sites across Canada.  

 

Patient selection  

All patients who are being scheduled for primary elective TKA will be screened for 

eligibility by participating surgeons (target approximately 1-6 weeks before surgery). We 

will aim to include proportions of men and women in our trial that are representative of the 

TKA population. We will record numbers of ineligible patients and those who decline to 

participate. The surgeon or their delegate will inform potentially eligible patients by phone 
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or in person to invite them to speak with the research coordinator about the trial. Each 

institution will determine their own recruitment processes based on local research ethics 

board (REB)-approved practices. Sites will be allowed to select an informed consent 

method that meets their REB and local institutional guidelines. This could include written 

informed consent or verbal consent. The informed consent process will be documented in 

all cases.  

 

Eligibility criteria 

Inclusion criteria:  

• Adult (18+)  

• Undergoing elective TKA for knee arthritis  

• Can use a simple electronic device (phone or tablet) 

• Provide informed consent to participate  

Exclusion criteria:  

• Revision surgery  

• Simultaneous bilateral arthroplasties  

• Unable to consent (e.g., cognitive disability or substantial language barrier 

without a support person)  

 

Interventions  

Intervention group 
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Participants will participate in a multicomponent pathway coordinated by a trained 

pain management coordinator who will facilitate patient participation and engagement with 

each interventional component. Study interventions will start 1-6 weeks before their 

surgery. In the intervention group, patients will participate in study interventions through 

their preoperative, in-hospital, and post-operative period, up to two months after their 

surgery.  

The pain management coordinator will facilitate delivery of preoperative 

components of pain education, screening patients for high-risk of opioid use, depression, 

anxiety and/or kinesiophobia, and cognitive behavioural skill (CBS) sessions for high-risk 

patients (based on cognitive behavioural therapy [CBT] principles); and post-operatively, 

the coordinator will facilitate personalized analgesic prescriptions, and check in with 

patients about pain control and functional recovery. This role can be fulfilled by any health 

care personnel who can be trained to deliver patient education and conduct CBS sessions 

(e.g., medical graduate, allied health professional). All intervention components will be 

standardized and protocolized in an intervention manual. Study outcomes will be collected 

by separate research personnel not involved in the patient’s clinical care.  

Pre-operatively, participants will view pre-recorded online presentations on 

‘understanding pain after surgery’ and ‘managing pain after surgery’ developed by a pain 

physician in collaboration with a psychologist, occupational therapist, and physiotherapist. 

Educational content includes simple pain physiology, surgical pain experience and 

resolution, setting expectations, goals of functional pain relief, managing daily activities, 
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and opioid benefits and risks. The coordinator will facilitate and encourage participants’ 

access to these online modules and will answer participants’ questions.  

The pain management coordinator will conduct preoperative risk assessments based 

on preoperative opioid usage, depression, anxiety, and kinesiophobia. Participants who 

meet one or more of the high-risk criteria will be asked to complete two sessions of CBS 

sessions and suggestions on opioid sparing strategies (in-person or virtual) (7, 28, 42). 

Preoperative opioid use increases the risk of poor outcomes. If the participant is considered 

high risk for opioid use and is willing to reduce their opioid use, the pain management 

coordinator will work with the site pain physician to safely reduce their opioid use. Very 

few opioid reduction studies focus on high-risk populations, so the evidence behind 

identification of individual risk components and preoperative risk education is lacking. 

However, this strategy is recommended by the American Society of Enhanced Recovery 

(28).  

Post-discharge, patients will have scheduled virtual/telephone check-ins with the 

pain management coordinator before hospital discharge and at 1, 2, 3, 4, 6, and 8 weeks 

after surgery (total 7 check-ins). During these meetings, the coordinator will deliver 

continued support for pain control and recovery, and personalized analgesic prescriptions. 

The pain management coordinator will encourage the use of non-opioid analgesics and non-

pharmacological measures (e.g., exercise, mindfulness, ice) (43) and encourage safe use of 

opioids where appropriate. The coordinator will also answer questions and facilitate virtual 

or in-person meetings with the surgical team if problems arise. Patients who are willing to 

reduce their opioid use will be supported to slowly wean their opioids, with the support of 
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a pain physician. Based on a study assessing guided opioid tapering support, patients were 

able to successfully reduce/discontinue their opioid consumption following TKA (44).  

Therefore, we believe that many patients will be enthusiastic about post-operative opioid 

tapering and discontinuation if their knee pain has been controlled by TKA.  

The pain management coordinator will facilitate individualized discharge 

prescriptions integrating patient preferences. For example, some patients prefer not to use 

opioids because they have experienced adverse effects in the past, while others feel that 

opioids work well for them. Some patients would like to try non-pharmacological pain 

management strategies such as exercise or cold therapy.  

 

Control Group 

All patients will receive usual care at their center. Presently, this does not include a 

pain management coordinator. Existing pre-operative knee classes, at enrolling sites, are 

not typically oriented towards pain education and appropriate opioid use. Post-operative 

discharge medications vary according to surgeon’s preference and are not typically 

individualized to patients’ needs. The research personnel will follow all participants for 

study outcomes.  

 

Perioperative Care and Surgical Treatment 

Participants will undergo usual perioperative and surgical care at their centre. 

Choice of surgical technique, anesthetic technique, and in-hospital analgesia will be left to 

the treating surgeon, anesthesiologist, and allied health team. Individual analgesic 
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components in-hospital have not been shown to influence post-discharge outcomes such as 

POU or CPSP in larger studies (17).  

 

Study Outcomes  

Primary (Feasibility) Outcomes and Criteria for Success 

Feasibility outcomes include intervention adherence, participant recruitment, and 

participant retention (Table 1). We will note the percentage of participants receiving at least 

3 of the 4 trial intervention components. We will consider >90% as feasible; 80-90% to 

consider design modifications; and 80% as not feasible. This will be captured using an 

adherence checklist by the coordinator. We aim to recruit 100 patients in 4 months. We will 

consider >90% participant retention to be feasible at 12 months post-operatively, 80-90% 

to consider design modifications, and <80% is not feasible.  

 

Secondary (Clinical) Outcomes  

The following will be the outcomes for our definitive trial. Pain control and opioid 

analgesics are interlinked outcomes (45). Recent studies have highlighted the need to 

consider both opioid use and pain control as patient-important, and the need to evaluate 

pain and opioid use trajectories (46, 47).  Hence, our primary outcome will be to assess the 

effect of the multicomponent pain management pathway on “opioid free pain control” at 8 

weeks after TKA; defined as three or more consecutive days of <4/10 pain score on a 0-10 

NRS with no opioid use for the operated knee. Secondary outcomes will include presence 

of CPSP; intensity of resting and movement evoked pain; POU; satisfaction with pain 
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control; quality of life, and complication rates. These outcomes will be collected at 3, 6, 9, 

and 12 months. To inform the future health economic evaluation of the main trial we will 

also capture information on the costs of providing the intervention, healthcare resource use, 

and productivity at 3, 6, 9, and 12 months post-operatively.  

 

Measurement of Clinical Outcomes and Economic 

Opioid Free Pain Control: For both groups, we will use a daily electronic diary to 

capture pain scores and opioid use between 1-6 weeks pre-op (to familiarize the patient on 

the use of the diary) and 8 weeks post-op. We will identify the number of patients achieving 

opioid-free pain control (defined in previous paragraph) in the intervention and control 

groups. We have partnered with ManagingLife Inc., who will provide the ManageMyPain 

app to capture daily pain scores and opioid use. This application is easy to use and secure. 

It is both Health Insurance Portability and Accountability (HIPPA) and Personal 

Information Protection and Electronic Documents Act (PIPEDA) compliant and has been 

recognized by Ontario Health Network (OTN) as an approved platform. This app has been 

used in previous studies to track pain resolution in surgical patients. Our surgeons estimate 

that 75% of their patients have a smartphone. For the approximately 25% who do not, we 

have access to donated smartphones to be used for research purposes. Alternatively in 

patients who cannot use MMP, a paper diary will be used.  

 

We will measure the presence of CPSP as defined as per the International Classification of 

Diseases version-11 (ICD-11) (48).  
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We will measure CPSP Pain Intensity at Rest and during Movement using the 0-10 

Numerical Rating Scale (NRS).  

 

We will measure Persistent Opioid Use (POU) as a binary outcome as defined as the 

presence of daily opioid use, started after surgery, or increased after surgery.  

 

Using a 0 to 100 scale (0=extremely dissatisfied, 100=extremely satisfied), we will measure 

satisfaction with pain control.  

 

We will assess return to function using the 5-item Return to Work questionnaire to assess 

the ability to return to work, home, and leisure activities.  

 

Using the 12-item Oxford Knee Score, we will assess improvement in knee function and 

pain following total knee replacement (49).  

 

We will assess health-related quality of life using the Euro-QoL 5 Dimensions instrument 

consisting of 5 dimensions, including mobility, self-care, usual activities, pain/ discomfort, 

and anxiety/ depression, which contains five levels of answers per dimension (50).   

 

We will collect intervention costs and healthcare resource utilization information (e.g., 

hospitalization, physician visits) as well as information on productivity (e.g., time missed 
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from work) using a self-administered questionnaire, which we developed for the purpose 

of this study based on our previous work (51).  

 

We will also collect any surgery-related and knee-related adverse events, pain medication 

related adverse events, readmissions, and serious adverse events (SAEs).  

 

Randomization  

The unit of randomization will be individual participants. We will use a 1:1 

allocation ratio, stratified by site, with random block sizes of 2 and 4. Randomization will 

be completed 1-6 weeks before surgery to allow time for the pre-operative education 

interventions. We will use a centralized online randomization system integrated into 

REDCap to ensure allocation concealment. A statistician not otherwise associated with the 

trial will generate the randomization sequence.  

 

Study Follow-Up  

Participants will be followed from the time of their study inclusion (1-6 weeks pre-

surgery) to 12 months after surgery. We will collect baseline data before surgery. We will 

collect daily pain scores using an electronic diary up to 8 weeks after surgery, and we will 

collect post-operative outcomes at 3, 6, 9, and 12 months after surgery (Table 2).  

 

Protecting Against Sources of Bias  

Blinding   



MSc Thesis – Sushmitha Pallapothu; McMaster University – Health Research 
Methodology 

 64 

Due to the nature of the study interventions, participants and the health care team 

cannot be blinded. We will have an independent blinded surgeon to evaluate each adverse 

event to minimize the risk of bias for that outcome. The primary study outcome of non-

opioid pain control will be collected using a daily e-diary up to 8 weeks. Other study 

outcomes will be collected by research personnel not involved in the participants’ clinical 

care. Data analysts will be blinded for all outcomes.  

 

Minimizing Contamination and Co-Interventions 

Since the existing standard of care does not involve the coordinator or any 

component of interventions, there is minimal risk of contamination. Patients are allowed to 

receive other interventions outside of the study, but the role of a pain management 

coordinator currently does not exist outside of our study. Alternatively, there is a risk if 

patients are randomized to intervention but do not ultimately receive it. To minimize the 

risk of crossover, all efforts will be taken to maintain communication between the research 

personnel and the pain management coordinator. We will also hold weekly team meetings 

to provide updates on all patients. Participants who are receiving two joint replacements 

during the study period will only be included for one of their surgeries.  

 

Minimizing Expertise Bias  

The CBS sessions are based on the principles of CBT. Although no formal CBT 

training is required, we will employ pain management coordinators with some prior patient 

contact experience within the healthcare setting, and we will also develop a pain CBS 
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“bootcamp” to ensure pain management coordinators can successfully implement the CBS 

sessions, along with training for safe opioid weaning. We also have a pain psychologist 

within the study team to resolve any challenges relating to CBS sessions for specific 

participants.  

Components of the intervention such as personalized prescriptions, pain 

management, and support may also present expertise bias, as the pain management 

coordinator will be the participant’s first point of contact for all components. Therefore, to 

maintain consistency among sites, we will also engage the lead pain physician to liaise with 

each site to support the pain management coordinator in any decisions regarding pain 

management and prescriptions. 

 

Minimizing Attrition Bias  

Once a participant is enrolled in the trial, every reasonable effort will be made to 

follow the participant for the entire duration of the study period (12 months). Previously 

established orthopaedic-specific procedures developed and refined at our central 

coordination and methods centre will be implemented to improve participant retention. Our 

research group has consistently used and improved our participant retention strategies over 

the past 15 years and has published papers on minimizing loss to follow-up in orthopaedic 

trials (52). In our group’s four most recent large trials, the loss to follow-up percentages 

were: A-PREP trial – 4% (53), HEALTH trial –14.9% (54), FLOW trial –10% (55), FAITH 

trial - 9% (56). Key strategies used to minimize loss to follow-up: aligning the follow up 

with standard of care visits; collecting more than one piece of contact information for the 
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participant; research personnel will verify participants’ contact information at each visit 

and ask the participants their preferred form of contact; prioritizing outcomes if there is 

participant burden; and requesting permission to access medical records.  

 

Statistical Methods  

Sample Size Determination  

This pilot trial is not powered to detect clinical differences, so we based our sample 

size on pilot trial sample size calculations using a confidence interval approach suggested 

by Thabane et al (56). We believe the study will be feasible if participant retention is 90% 

or greater and will consider >80% retention acceptable with modifications. If 90/100 

participants adhere to the study intervention, then the lower bound of the confidence 

interval will exclude 80% and we will consider the trial feasible. Therefore, we will include 

100 participants in this pilot trial.  

 

Primary Analysis  

Feasibility outcomes will be reported descriptively as numbers and percentages 

with 95% confidence intervals (CI). This pilot trial will not be powered to detect differences 

in clinical outcomes. Instead, we will report all clinical outcomes descriptively as point 

estimates and 95% CI, with minimally important differences presented for context, where 

available. We will also report hazard ratios for our primary outcome and time-to-event data 

graphically using a Kaplan-Meier survival curve. We will not impute for missing data in 
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the pilot trial. All analyses will be conducted as intention-to-treat. We will prepare a full 

statistical analysis plan (SAP) for the definitive trial analysis. 

 

Interim Analysis  

For this pilot trial, data will be analyzed only after completion of data collection. 

Interim analysis will be considered for the definitive trial.  

 

Subgroup and Other Analyses 

Subgroup and other analyses will only be considered for the definitive trial.  

 

Economic Analyses 

To assist with the future economic evaluation of the definitive trial we will collect 

information on costs (e.g., intervention costs, costs related to healthcare resource utilization 

and productivity) and quality of life. Healthcare resource utilization (e.g., hospitalization, 

emergency department visits, physician visits) and productivity (e.g., time missed from 

work) will be collected at baseline and at 3, 6, 9, and 12 months using a short economic 

questionnaire. The time recall will be 3 months (e.g., over the last 3 months, have you been 

hospitalized?). Healthcare resource utilization and productivity will be costed using 

publicly available unit costs from Ontario (e.g., Ontario Schedule of Benefits) or from the 

Canadian Institute for Health Information (e.g., hospitalization costs). Health-related 

quality of lie will be collected at baseline and at 6 and 12 months using the Euro-Qol 5 

Dimensions-5L (EQ-5D-5L), which is a well-validated and widely used quality of life 
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instrument that can assess health utilities for the purpose of health economic analyses. 

Using the Canadian algorithm of the EQ-5D-5L (57), the health utility scores derived from 

the EQ-5D-5L questionnaire will be weighted by time spent in health states using an area-

under-the-curve approach to calculate QALYs. We will also request participants consent 

for potential data linkage with Institute for Clinical Evaluative Sciences (ICES) 

administrative data. Since this is a pilot trial, costs and QALYs associated with each study 

arm will be reported as point estimates along with confidence intervals but not compared 

in a formal economic evaluation. The analyses will be conducted from the payer (e.g., 

Ministry of Health) and societal perspectives. 

 

Data Monitoring  

Steering Committee 

Our co-investigators make up the Steering Committee for the trial. Steering 

Committee members are an interdisciplinary group of experts in key fields including 

anesthesia/ pain management, orthopaedic surgery, health economics, biostatistics, 

psychology, pharmacy, occupational therapy, physiotherapy, and clinical trials 

methodology. The Steering Committee will be chaired by the PI and will be responsible for 

advising on key clinical and methodological issues at all stages of the trial. For the pilot 

trial, we do not plan to have a formal Data & Safety Monitoring Committee (DSMC) 

because all interventions are standard care and are not expected to pose greater risk than 

the control group arm.  
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Trial Coordination  

The Surgical Methods Center (SMC), McMaster University will be the trial 

Methods Centre and will be responsible for coordinating the day-to-day operations of the 

trial. The CEO has conducted some of the largest multinational trials and observational 

studies in orthopaedics, including the PREPARE and A-PREP trials (n=8,000), FLOW trial 

(n=2551), the PRAISE study (n=2945) and the INORMUS study (n=30,000). The CEO has 

the infrastructure to successfully conduct large trials including research coordinators, data 

managers, statisticians, a network of investigators, and required office space.  

 

Harms  

For this pilot trial we will collect all knee and surgery-specific AEs, AEs associated 

with the use of pain medications, readmissions, and serious adverse events (SAEs). We do 

not anticipate many risks to study participants beyond usual care. We provide education 

about safe opioid use and disposal and recognize the potential for opioid withdrawal if 

opioids are tapered too rapidly. Postoperative prescriptions will be structured and any 

reduction to chronic opioid use will be monitored, and our pain physicians will develop a 

structured set of operating procedures to minimize this risk, both preoperatively and 

postoperatively. Most importantly, the approach throughout the trial will be one of 

participant engagement and shared decision making. 

 

Ethical considerations  



MSc Thesis – Sushmitha Pallapothu; McMaster University – Health Research 
Methodology 

 70 

This study will be conducted according to international standard of ICH-GCP, 

applicable government regulations, and institutional research policies and procedures. We 

will require ethics approval from each site’s local REB prior to initiating this trial protocol.  

 

Dissemination Policy  

While emphasizing the core concepts and delivery involved in the preoperative and 

postoperative components, our interventional pathway is designed to be adaptable to 

individual centres. The pre-operative education component will be made available online 

free of charge. The intervention can also be easily adaptable to other surgical fields. We 

will partner with the Canadian Orthopaedic Association (COA) and Canadian 

Anesthesiologists Society (CAS) to help disseminate our study information to orthopaedic 

surgeons and anesthesiologists in Canada, plus international members. We will also partner 

with our university and hospital press offices to distribute a press release for the general 

public. 
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Hamilton Health Sciences – Juravinski Hospital: Daniel M Tushinski, Thomas J Wood, 

Kamal Bali, Elaheh Adly, Laura Puri, Isabelle Tate, Yasaman Amini  

 

Oakville Trafalgar Memorial Hospital: Paul Zalzal, Heather Brien, Balaji 

Balasubramaniam, Adic Perez, Surbhi Handa 
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Figure 1: OREOS Interventional Pathway 
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Table 1: Trial Objectives, Outcomes, and Analyses 
Feasibili
ty 
Objective
s 

Feasibility Outcomes Evaluation metrics  Analysis 

Intervent
ion 
adherenc
e 

Percentage of patients 
receiving at least 3 of the 4 
trial intervention 
components. 

>90% feasible; 80-90% to 
consider design 
modifications; <80% not 
feasible.  

Descriptive 

Patient 
recruitme
nt 

Time to recruit target 
sample size 

We aim to recruit 100 
patients in 4 months. 

Patient 
retention 

Percentage of follow up at 
12 months 

>90% feasible;  
80-90%-consider design 
modifications;  
<80%-not feasible 

Clinical 
Objectives 

Clinical Outcomes 
 

Analysis 

Opioid-free pain 
control 

Time to three or more consecutive days of <4/10 
pain score on a 0-10 NRS with no opioid use for 
the operated knee 

hazard ratios, 
95% CI; 
Kaplan-Meier 
survival curve 

Presence of 
chronic 
postsurgical pain 
(CPSP) at 3, 6, 9 
and 12 months 

Presence of CPSP as adopted in the International 
Classification of Diseases (ICD)-11 version by 
World Health Organization 

descriptively as 
point estimates 
and 95% CI by 
group, with 
minimally 
important 
differences 
presented for 
context 

CPSP pain 
intensity at rest 
and movement  

Average pain score over the previous week in 0-
10 NRS 

Presence of 
persistent opioid 
use (POU) 

Presence of daily opioid use, started after surgery 
or increased after surgery (binary) 

Satisfaction with 
pain control at 3, 
6, 9 and 12 
months  

Using a 0 to 100 scale (0=extremely dissatisfied, 
100=extremely satisfied)  

Return to 
Function at 3, 6, 
9, and 12 months  

Using the Return to Function questionnaire 

Knee function at 
3, 6, 9, and 12 
months 

Using Oxford Knee Scale (OKS) 
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Quality of Life Using Euro-Qol 5 Dimensions (EQ-5D) 
instrument 

Economic 
analysis 

Intervention costs and healthcare resource 
utilization information as well as information on 
productivity (e.g. time missed from work) will be 
collected using a self-administered questionnaire, 
developed for the purpose of this study. 

QALYs 
associated with 
each study arm 
will be reported 
as point 
estimates along 
with confidence 
intervals but not 
compared in a 
formal 
economic 
evaluation. 

Complications Surgery-related and knee-related adverse events, 
pain medication related adverse events, 
readmissions, and serious adverse events (SAEs). 

descriptively by 
group 
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Table 2: Schedule of Events 
Study Event Pre-op  

1-6 
weeks 

In 
hospital 

Postoperative weeks Months 
1 2 3 4 6 8 3 6 9 12 

Screen and consent X            
Identify high risk 
patients I            

Pain education I            
CBS intervention I            
Electronic pain and 
opioid diary  X X X X X X X X     

Check in with 
coordinator I I I I I I I I     

CPSP assessment39, 
and pain intensity with 
rest and movement 

        X X X X 

Opioid use X X      X X X X X 
Satisfaction with pain 
control         X X X X 

Return to function         X X X X 

Knee function X        X X X X 

EQ-5D X        X X X X 
Health economics         X X X X 
Complications X X X X X X X X X X X X 

(X = All groups; I = Intervention group only)  
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OVERVIEW 

This thesis covers pain and opioid use outcome reporting in total knee arthroplasty 

(TKA) randomized controlled trials (RCT). As part of this thesis, I cover the introduction 

that outlines the problems of chronic post-surgical pain (CPSP) and persistent opioid use 

(POU) as important health issues in Chapter 1. This chapter is followed by a systematic 

review of pain and opioid use outcome reporting in arthroplasty trials in Chapter 2, and a 

protocol for a pilot randomized controlled trial that serves as an example for how to 

measure pain and opioid use as explicitly interrelated outcomes in Chapter 3. In this 

concluding chapter, I am summarizing my observations within each chapter.  

 

CHAPTER 1: AN INTRODUCTION TO PAIN AND OPIOID USE IN KNEE 

REPLACEMENT SURGERY  

The definitive treatment option for end-stage knee osteoarthritis (OA) is total knee 

arthroplasty (TKA). While TKA is effective, some patients still experience lasting pain and 

limited function postoperatively, with 8-34% of patients developing CPSP. The current 

approach to managing post-discharge pain following TKA is to prescribe a set of 

medications including opioids to every patient, but a one-size-fits-all approach does not 

consider individual pain trajectories or preferences. Additionally, exposure to opioids may 

contribute to persistent opioid use (POU), which can be associated with negative effects on 

the patient and society. However, existing interventions have not been successful in 

addressing these issues. Considering that there are several patient, system and service 

factors influencing the problems of CPSP and POU, multicomponent interventional 
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paradigms or care pathways, such as transitional pain service (TPS) have been suggested. 

Despite their conceptual appeal, there is lack of evidence to support the implementation of 

these multicomponent interventions.  

 

CHAPTER 2: PAIN AND OPIOID USE OUTCOME REPORTING IN KNEE 

ARTHROPLASTY TRIALS: A SYSTEMATIC REVIEW 

Key findings: Since pain severity (burden) and opioid use can influence each other, they 

can be considered as interrelated outcomes. To assess the number of studies and their 

approach to consider them as interrelated outcomes, we conducted a systematic review of 

the literature of published randomized controlled trials (RCTs) on knee arthroplasty. We 

found that only 2.1% of TKA RCTs in the past 10 years reported pain and opioid use as 

either multicomponent or co-primary endpoints, whereas most trials assessed these 

outcomes as individual entities. 44.7% of trials reported pain as a primary outcome, 

whereas 32.3% of trials reported opioid use as a primary outcome.  

Limitations: Some limitations of this systematic review are that only studies published in 

English were included, “unclear” judgements for risk of bias were not clarified with study 

authors. Additionally, majority of the included studies were of low-quality evidence in the 

context of selective reporting and blinding. Lastly, we only primarily focused on TKA 

which limited the generalizability of the results. 

Future Directions: The lack of reporting pain and opioid use outcomes as combined 

outcomes among TKA RCTs that assess pain management treatments is of concern, as 

these outcomes are often indicators of successful pain management. To address the lack of 
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reporting of combined outcomes, we suggest that future studies report these outcomes as 

either multicomponent or co-primary outcomes to consider the impact of one outcome on 

another (increase in opioid use decreases pain scores, and vice versa). When the conceptual 

interrelationship between these two outcomes is not considered, it can lead to an inaccurate 

assessment of treatment effects.  

 

CHAPTER 3: OPIOID REDUCTION AND ENHANCED RECOVERY IN 

ORTHOPAEDIC SURGERY (OREOS): A PROTOCOL FOR A FEASIBILITY 

RANDOMIZED CONTROLLED TRIAL 

 The protocol for the OREOS pilot trial outlines the need for a multicomponent pain 

management pathway for minimizing pain and opioid use in patients undergoing total knee 

arthroplasty. We present this as an example of an RCT that uses a multicomponent endpoint 

to determine the feasibility of implementing and studying a pain management pathway to 

improve pain and opioid use outcomes. The primary objectives are to assess patient 

retention, adherence, and recruitment while the secondary objectives include opioid-free 

pain control, knee function, quality of life, and an economic analysis. As an example of a 

combined pain and opioid use outcome, we consider opioid free pain control and define it 

as pain scores less than <4/10 and no opioid consumption for three consecutive days.  

The OREOS trial aims to determine the efficacy of a multicomponent pain 

management pathway which consists of preoperative pain and opioid use education, risk 

identification and mitigation, personalized postoperative prescriptions, and continued 

support and recovery for 8 weeks after TKA. The intervention will be facilitated by a pain 
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management coordinator who will liaise with the patients and circle of care to personalize 

care and provide support pre- and post-operatively. We believe that the results of this trial 

will improve pain control and reduce harms while focusing on a coordinated, patient-

centered, and shared-decision making approach to care.  

 

FINAL CONCLUSIONS 

 This thesis outlines pain and opioid use reporting as either multicomponent or co-

primary endpoints in TKA RCTs. We look at literature to identify trials considering pain 

and opioid use as interrelated outcomes after surgery and suggest that future trials should 

consider approaches to combine them when appropriate. Lastly, we also provide a trial 

protocol that highlights the rationale and approach to integrate measurement of pain and 

opioid use at the patient level as a multicomponent endpoint. This thesis highlights the 

important and necessary study aspects that are needed for future research, such as 

evaluating pain and opioid use as interrelated endpoints to avoid wrongly concluding 

treatment effects of each outcome. While we focused on pain and opioid use outcomes as 

interrelated endpoints in TKA, the results of this thesis can be applied to other specialities 

that also assess interrelated endpoints.  


