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Abstract

Objective—Evaluate the cost-effectiveness of incorporating tramadol or oxycodone into knee 

osteoarthritis (OA) treatment.

Methods—We used the Osteoarthritis Policy model (OAPol) to evaluate long-term clinical and 

economic outcomes of knee OA patients with mean age 60 with persistent pain despite 

conservative treatment. We evaluated three strategies: 1) opioid-sparing (OS); 2) tramadol (T); and 

3) tramadol followed by oxycodone (T+O). We obtained estimates of pain reduction and toxicity 

from published literature and annual costs for tramadol ($600) and oxycodone ($2,300) from Red 

Book. Based on published data, in the base-case we assumed a 10% reduction in TKA 

effectiveness in opioid-based strategies. Outcomes included quality-adjusted life years (QALYs), 

lifetime cost, and incremental cost-effectiveness ratios (ICERs) and were discounted 3%/year.
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Results—In the base case, T and T+O strategies delayed TKA by 7 and 9 years and led to 

reduction in TKA utilization by 4% and 10% respectively. Both opioid-based strategies increased 

cost and decreased QALYs compared to the OS strategy. Tramadol’s ICER was highly sensitive to 

its effect on TKA outcomes. Reduction in TKA effectiveness by 5% (compared to base case 10%) 

resulted in an ICER for T strategy of $110,600/QALY; with no reduction in TKA effectiveness, the 

ICER was $26,900/QALY. When TKA was not considered a treatment option, the ICER for T was 

$39,600/QALY.

Conclusion—Opioids do not appear to be cost-effective in OA patients without comorbidities, 

principally because of their negative impact on pain relief after TKA. The influence of opioids on 

TKA outcomes should be a research priority.

INTRODUCTION

Knee osteoarthritis (OA) affects over 9.3 million American adults1 and contributes more 

than $27 billion in healthcare expenditures annually.2 It manifests as progressive joint 

destruction associated with substantial pain and activity limitations. In the absence of 

disease modifying regimens, effective non-operative pain management is crucial for 

preserving functional status and quality of life (QoL) for knee OA patients.

Guideline-based knee OA treatment begins with acetaminophen and progresses to non-

steroidal anti-inflammatory drugs (NSAIDs) and intra-articular corticosteroid injections. 

Although many patients eventually require total knee arthroplasty (TKA), they spend an 

average of 13 years2 exhausting pharmacologics before undergoing surgery. The addition of 

opioids involves trade-offs between better pain relief and higher toxicities and the need for 

more frequent monitoring. Further, risks of illicit use may discourage some clinicians from 

prescribing these agents. OA treatment guidelines provide ambiguous and conflicting 

suggestions concerning the role of opioids in the course of knee OA treatment. The 

American College of Rheumatology (ACR) suggests using opioids in patients who have 

failed all other pharmacologic treatments and are unwilling to undergo or are contraindicated 

for TKA,3 while the guidelines of Osteoarthritis Research Society International (OARSI) 

and the American Academy of Orthopaedic Surgeons (AAOS) are inconclusive regarding 

the use of opioids in knee OA patients without additional chronic conditions.

The question of appropriateness of opioids in the treatment of knee OA is complicated by 

the possibility of poorer TKA outcomes in patients who take opioids prior to TKA. Long-

term use or high doses of opioids are associated with development of hyperalgesia and 

opioid-dependence, which may contribute to persistent pain following surgery.4 A growing 

body of literature documents greater pain and poorer functional outcomes in persons with 

opioid use before TKA.5

Despite concerns about their appropriateness, the prescription of opioids for knee OA 

patients has increased substantially over the past decade, with approximately 40% of knee 

OA patients in the US receiving at least one opioid prescription in 2009,6 suggesting an 

annual national outlay of $1.5 billion.1,6–9 Concurrent with the increased utilization of 

prescription opioids, illicit opioid use and overdose deaths have risen substantially. 
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Nonmedical use of opioid analgesics costs the US over $72 billion annually in healthcare 

costs10 and has led to a 300% increase in overdose deaths since 1999.11

Our objective was to weigh the benefits of opioid use in this setting, including enhanced 

analgesia and delay or elimination of the need for costly TKA surgery and revision against 

the downside risks of opioids including toxicities, frequent monitoring, reduced efficacy of 

eventual TKA, and risk of illicit use. We address this by performing a formal cost-

effectiveness analysis.

METHODS

Analytic Overview

We used the Osteoarthritis Policy (OAPol) Model, a validated computer micro-

simulation2,12 to assess the cost-effectiveness of tramadol and oxycodone in persons with 

knee OA and no major comorbidities. Primary outcomes included quality-adjusted life years 

(QALYs), lifetime costs, and delay and reduction of utilization of primary and revision 

TKA. The cost-effectiveness of opioid-based treatment strategies was evaluated as 

recommended by the US Panel on Cost-Effectiveness in Health and Medicine.13 Incremental 

cost-effectiveness ratios (ICERs) were defined as the ratio of change in costs to change in 

QALYs of two strategies. Annual QoL utilities represent preference-based measures of 

health states and were evaluated from 0.0 to 1.0, where 0.0 represents death and 1.0 

represents perfect health. We adopted a societal perspective, discounting costs and QALYs 

by 3% annually.13 Strategies that increased costs while decreasing QALYs relative to an 

alternative strategy were deemed Dominated. We assumed a willingness to pay (WTP) 

threshold of $100,000/QALY.14 In conformity with accepted practice, strategies with ICERs 

below WTP were labeled cost-effective.

The OAPol Model

The OAPol Model is a computer simulation model of the natural history and management of 

knee OA.2,12 Using Monte Carlo simulation, the model generates cohorts of patients based 

on user-defined distributions of demographic and clinical characteristics, including body 

mass index (BMI), knee OA structural severity, and pain.15,16 The model tracks each subject 

until death, allowing annual transitions among health states (defined by structural knee OA 

and pain severity, obesity, and comorbidities) and accumulation of OA-related and non-OA-

related medical costs and QoL decrements. Details of these transitions have been previously 

published.16,17 Medical costs not attributable to knee OA are assigned based on a subject’s 

accumulated number of comorbidities and pain severity. Each treatment regimen is defined 

by its pain reduction, toxicity profile, and annual cost. Toxicities, classified as either major 

or minor, contribute additional costs and QoL decrements. Major toxicities carry a 

probability of death and lead to treatment discontinuation.

Treatment Strategies

We evaluated three treatment strategies in persons whose pain persisted after conservative 

treatment with NSAIDs, physical therapy (PT), and corticosteroid injections: 1) opioid-

sparing (OS); 2) tramadol (T); and 3) tramadol followed by oxycodone (T+O) for those in 
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whom tramadol did not lead to sustained, sufficient pain relief. Following conservative 

therapy, patients in the OS strategy could take acetaminophen for intermittent pain relief 

until they either became eligible and willing to undergo TKA or they died. Subjects on 

opioid-based strategies proceeded to tramadol after conservative therapy, and those on the T

+O strategy could progress to oxycodone if tramadol did not provide sufficient pain relief 

during any year of treatment. For both opioid-based strategies, once opioids failed to relieve 

symptoms, patients could take acetaminophen as needed for pain relief until either they 

became eligible for and agreed to undergo TKA or they died. In all strategies some patients 

could be eligible and opt to undergo TKA immediately following the failure of the prior 

analgesic regimen (Figure 1).

Subjects were removed from analgesic regimens due to major toxicity, lack of efficacy, or 

voluntary discontinuation. Major toxicities were associated with distinct costs, QoL 

decrements, and probabilities of death and were categorized as cardiovascular (CV) events 

(myocardial infarction, stroke, heart failure) and fractures (hip, upper or lower extremities). 

Lack of efficacy included failure to provide sufficient pain relief any year of treatment. We 

further incorporated voluntary discontinuation, defined as removal from the regimen for 

reasons other than major adverse events and lack of analgesic efficacy, to account for 

subjects’ intolerance of opioid medication. Subjects could become eligible for TKA upon 

removal from pharmacologic regimens. TKA eligibility criteria were stratified by OA 

severity, age, race, and sex. TKA recipients were further eligible for revision TKA if the 

primary TKA failed.

Model Inputs

Cohort Characteristics—We constructed a patient cohort to emulate the socio-

demographic and clinical attributes of a population of Americans with knee OA, defined as 

Kellgren-Lawrence Grade 2 or 3, who had previously undergone treatment with NSAIDs, 

PT, and corticosteroid injections.2,17 We derived race/ethnicity, sex, and obesity distributions 

from the 2012 National Health Interview Survey.18 Table 1 presents cohort characteristics, 

non-OA medical costs, and QoL utilities.

Treatment Characteristics

Efficacy: Treatment strategies were associated with absolute decreases in pain severity, 

evaluated by the Western Ontario and McMaster Universities Osteoarthritis Index 

(WOMAC) Pain Subscale;19 pain decrements for each regimen were stratified by pain 

severity upon entering the regimen. The absolute pain reductions achieved in the first year 

on opioid regimens were adjusted to account for discontinuation; we assumed that 90% of 

subjects would continue treatment at 3 months, and 78% at 12 months.20 Final pain 

reductions were derived by multiplying the average WOMAC Pain decrease for persons 

remaining on treatment for an entire year by the proportion of the cohort remaining on the 

regimen. Tramadol was associated with a mean change in WOMAC Pain in the first year of 

15 points, and oxycodone had a first year pain decrease of 16 points.21 In all subsequent 

years of treatment, each regimen carried a probability of late pain failure, defined as the 

likelihood of failing to maintain pain relief. Due to the scarcity of long-term data, we 

assumed the late pain failure rate of tramadol was equivalent to that of NSAIDs, resulting in 
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a 24% likelihood of pain failure in subsequent years of treatment.22 Based on clinician 

expert opinion, we assigned oxycodone a late pain failure rate half that of tramadol.

Costs: Annual costs of tramadol and oxycodone were derived by converting Average 

Wholesale Prices (AWPs) from Red Book Online to Average Sales Prices (ASPs) by 

discounting brand name and generic drug costs by 26% and 68% respectively.7,8 We then 

weighted ASPs of brand name drugs as 7% and generic drugs as 93%, reflecting the ratio of 

prescriptions filled with brand and generic drugs respectively.9 Similarly to pain reduction, 

final drug cost in the first year was adjusted to account for discontinuation throughout the 

year.20 First-year costs for tramadol and oxycodone were $600 and $2,300 

respectively.6–9,20,23,24 Annual costs of pharmacologic regimens included the cost of the 

analgesic, physician visits, and, for oxycodone, diversion of prescribed medication to illicit 

use. We incorporated 2 annual office visits for subjects on tramadol and 6 for oxycodone. To 

derive a cost of diversion, we first multiplied the proportion of opioid abusers obtaining the 

analgesic from friends or relatives (68%)25 by the aggregate healthcare costs of abuse26 in 

order to obtain a healthcare burden of opioid abuse attributable to legitimate prescriptions of 

$19.6 billion per year. The final cost of diversion per prescription, $95, was derived by 

dividing the healthcare cost of abuse attributable to legitimate prescriptions by the total 

number of opioid prescriptions in the US (207 million24). We assumed 12 prescriptions of 

oxycodone annually, resulting in $1,100 per person per year in attributable illicit use. We 

used sensitivity analysis, as described below, to examine the effect of uncertainty in the 

estimate of illicit use cost.

We applied an initial cost of $20,500 for TKA, which included the cost of surgery and 

rehabilitation. Yearly TKA follow-up, consisting of a physician office visit and knee 

radiograph, contributed an annual cost of $100.27

Toxicity: Tramadol and oxycodone were associated with major CV events and fractures. 

Due to lack of long-term data, we assumed the rate of major toxicity in subsequent years 

was one-half the rate in the first year. Using FRAX® WHO Fracture Risk Assessment Tool28 

and relative risks derived from Miller et al.,29 we applied a 0.04% and 0.05% likelihood of 

fractures in the first year of tramadol and oxycodone treatment, respectively. Fractures were 

associated with a mortality of 8.9%30,31 and cost of $14,600.32 Major CV events also 

accompanied oxycodone treatment with likelihoods of 0.28% and 0.14% in the first year and 

all subsequent years of treatment respectively.33,34 We applied a 24.9% probability of death 

due to major CV toxicity.33 Minor toxicity included nausea, vomiting, constipation, and 

somnolence. Tramadol and oxycodone were associated with a 78% likelihood of minor 

toxicity in all years of treatment35,36 and 22% probability of discontinuation during the first 

year of treatment.20

TKA carried risks of myocardial infarction, pulmonary embolism, pneumonia, and 

prosthetic joint infection. Each complication was associated with a unique cost, QoL 

decrement, and mortality. We further included a one year post-surgical recovery period for 

all subjects undergoing TKA, reflecting the decreased QoL associated with surgical 

recuperation. Details of these derivations have been previously published.2
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Impact of chronic opioid use on TKA outcomes—Published literature suggests that 

chronic opioid use prior to TKA may result in higher rates of early revision and persistent 

pain.5 Data published by Zywiel and colleagues suggest that there is a significantly higher 

prevalence of revision TKAs and exploratory arthroscopies due to persistent pain in persons 

utilizing opioids prior to TKA compared to persons without pre-surgical opioid use.5 On the 

basis of these studies, we applied a 10% relative increase in the probability of early revision 

and a 10% relative reduction in pain relief achieved in the first year following TKA for 

opioid-treated subjects.

Sensitivity Analyses

We performed sensitivity analyses to assess the impact of variation in key parameters on our 

cost-effectiveness estimates. We simultaneously varied the age of the cohort, duration of 

pain relief, likelihood of minor toxicity, and the impact of opioid use on TKA outcomes. In 

the base case, we increased the probability of early revision and decreased the amount of 

pain relief achieved from TKA by 10% for opioid-treated subjects; we additionally evaluated 

5% and 0% decrement in TKA outcomes compared to the opioid-sparing strategy. We 

further assessed each strategy without the option of TKA, to reflect the clinical course of 

patients averse to surgical intervention.

We conducted probabilistic sensitivity analyses37 to evaluate the effects of simultaneously 

varying three key parameters: discontinuation, the effect of opioids on TKA outcomes, and 

the cost of diversion to illicit use for the T+O strategy. The discontinuation rate was assumed 

to be normally distributed with mean (SD) of 22% (2%);20 opioid effect on TKA efficacy 

was assumed to have a uniform distribution, producing a reduction in TKA effectiveness 

(compared to the opioid-sparing strategy) ranging from 0% to 14%;5 the cost of diversion to 

illicit use for oxycodone was assumed to be uniformly distributed, ranging from $0 to the 

base case annual cost of $1,100.

RESULTS

Base Case Analysis

In the base case, tramadol-treated patients remained on tramadol for 2.4 years and 

oxycodone-treated patients remained on oxycodone for 2.9 years, on average. As long as 

opioids effectively control pain, individuals may not be sufficiently symptomatic to consider 

TKA. This period of additional pain control delays the decision to undergo TKA, thereby 

reducing its utilization. Compared to the OS strategy, the T and T+O strategies delayed TKA 

by 7 and 9 years, respectively, reducing primary TKA utilization by 4% and 10% and 

revision TKA use by 23% and 39%. Quality-adjusted life expectancy (QALE), cost, 

proportion of patients undergoing TKA, and time to TKA for each strategy are presented in 

Table 2. The opioid-sparing strategy led to a discounted QALE of 11.49 QALYs and lifetime 

cost of $130,300. Incorporating tramadol into the treatment sequence decreased QALE by 

0.01 QALYs compared to OS strategy while increasing cost to $131,000. The T+O strategy 

was associated with a discounted QALE of 11.49 and cost of $134,900. Because the T and T

+O strategies reduced QALE while increasing cost compared to the OS strategy, they were 

termed Dominated.
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Sensitivity Analyses

One-way sensitivity analyses

Impact of age and use of TKA: For all ages of opioid initiation, we evaluated each strategy 

without the option of progressing to surgical intervention, representing patients unable or 

unwilling to undergo TKA (Table 3). When TKA was not a treatment option, the opioid-

sparing strategy was associated with a QALE of 11.11 QALYs and cost of $118,000. 

Incorporating tramadol into the treatment sequence increased QALE by 0.05 QALYs and 

cost by $1,800 compared to the OS strategy, resulting in an ICER of $39,600/QALY. Adding 

oxycodone further increased QALE to 11.20 QALYs and cost to $125,000, leading to an 

ICER of $116,800/QALY compared to tramadol alone. When the age of opioid initiation 

was increased to 70 years and TKA was not a treatment option, the ICER of tramadol 

decreased to $36,900/QALY and the ICER for the T+O strategy was reduced to $98,300/

QALY.

Multi-way sensitivity analyses—The T and T+O strategies were assessed under a range 

of values for duration of pain relief, toxicity, impact on TKA outcomes, and ages of 

treatment initiation, shown in Figure 2. The T+O strategy had ICERs above $150,000/QALY 

under all variations in toxicity, late pain failure, and effect on TKA outcomes.

Duration of benefit and minor toxicity: Increasing the duration of tramadol effectiveness 

by 50% resulted in a discounted QALE of 11.50 and cost of $131,100 for the T strategy, 

leading to an ICER of $85,300/QALY. Variations in minor toxicity had minimal effects on 

the cost-effectiveness of the T and T+O strategies when the probability of late pain failure 

was within 20% of the base case value.

Impact of chronic opioid use on TKA outcomes: Lessening the impact of opioid use on 

TKA outcomes from a 10% relative reduction in the base case to a 5% reduction resulted in 

an ICER of $110,600/QALY for the T strategy. Decreasing the probability of late pain 

failure or minor toxicity by only 10% while the impact of opioid use on TKA outcomes was 

lessened led to ICERs below $100,000/QALY for tramadol. When we assumed opioid use 

prior to TKA had no influence on TKA outcomes, tramadol maintained ICERs below 

$50,000/QALY under all scenarios evaluated. As the age of opioid initiation increased, 

tramadol appeared less cost-effective; however, this trend was not maintained when we 

assumed opioid use prior to TKA had no effect on TKA outcomes.

Probabilistic sensitivity analysis—We also evaluated the effects of simultaneously 

varying the rate of discontinuation of opioid regimens, the effect of opioid use on TKA 

outcomes, and cost of diversion for oxycodone through probabilistic sensitivity analyses. At 

a willingness to pay (WTP) threshold of $100,000/QALY, tramadol had a 32% likelihood of 

being the cost-effective treatment option when the age of opioid initiation was 60 years; that 

probability decreased to 9% when the age of treatment initiation was increased to 70 years. 

Increasing the WTP threshold to $150,000/QALY increased the likelihood of cost-

effectiveness of tramadol to 36% (Table 4) for age 60. The T+O strategy was not the cost-

effective option under any of the conditions assessed.
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DISCUSSION

We used the OAPol Model to evaluate the cost-effectiveness of incorporating opioids into 

the treatment of knee OA patients without prevalent comorbidities. Under the base case 

assumptions, we found that neither tramadol nor tramadol followed by oxycodone is cost-

effective in these patients. These results are highly dependent on the effect of opioid use on 

TKA outcomes; when we assumed opioid use prior to TKA had no effect on early revision 

rates or pain outcomes, tramadol emerged as cost-effective, with ICERs below $50,000/

QALY. Decreasing the cost of illicit use and diversion for oxycodone did not affect the cost-

effectiveness of the T+O strategy. We further found that incorporating tramadol, but not 

tramadol followed by oxycodone, into knee OA management may be a cost-effective option 

in patients unwilling or unable to undergo surgical interventions.

To our knowledge, this is the first cost-effectiveness evaluation of opioids in knee OA 

patients. A previous cost-utility analysis evaluated the incremental costs and benefits of less 

potent and potent opioids and duloxetine as compared to NSAIDs in knee OA treatment, and 

found that tramadol and oxycodone increased QALYs compared to COX-2 selective and 

non-selective NSAIDs; however both opioid strategies were dominated by duloxetine. These 

analyses were conducted from a private payer perspective, used NSAIDs as a comparator, 

and did not model progression of knee OA or surgical intervention.38 An additional 

economic analysis of tramadol in OA patients in Spain concluded that tramadol is cost-

saving compared to NSAIDs with proton pump inhibitors. These results cannot be compared 

to those we present, as the analysis did not include opioid-induced fractures and evaluated 

costs and outcomes over a six month period, thereby failing to consider long-term effects.39

A key parameter in our analysis was the effect of opioid use on TKA outcomes. Diminished 

TKA efficacy following opioid use has been documented in small cohorts. A matched-

control study evaluating the effects of opioid utilization at least six weeks prior to TKA 

found a substantially higher prevalence of subsequent surgical intervention in the patients 

requiring opioid therapy prior to TKA, with eight revisions for uncontrolled pain or stiffness 

and five exploratory arthroscopies of 49 patients in the opioid group compared to none in 

their non-opioid counterparts.5 Further, patients prescribed opioids prior to TKA 

experienced more pain after TKA and required significantly larger doses for post-surgical 

pain management.40 These conclusions, however, are based on limited sample sizes and do 

not address the influence of potentially confounding factors – including BMI, preoperative 

pain and function levels, and comorbidities – on TKA outcomes. Currently published studies 

do not isolate the degree to which the drug itself influences TKA outcomes as compared 

with the personal traits of individuals using opioids. The effects of opioids on joint 

replacement outcomes are of concern among clinicians. This is emphasized by the Centers 

for Medicare and Medicaid Innovation (CMMI) Comprehensive Care for Joint Replacement 

(CJR) final rule, which, per orthopedists’ suggestions, includes narcotic use among the risk 

variables to be documented in the patient-reported outcomes data collection.41

There are important limitations to our analyses. As trial durations for analgesics do not 

frequently exceed 12 weeks, our estimates of long-term efficacy and toxicity were largely 

informed by expert clinician opinion. Studies on analgesics’ efficacies and adverse effects do 
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not always report previous treatment exposure of the study population; thus, estimates of 

pain relief and adverse effects for oxycodone we report are assumed to be independent of 

whether patients have received or failed tramadol or other opioid analgesics prior to 

oxycodone initiation. We evaluated patients without any prevalent comorbid conditions. 

Acetaminophen toxicity is substantially lower than that of opioids,42 particularly in a 

population without chronic comorbidities, thus we did not incorporate it into our analysis as 

it would have minimal impact on our results. Pharmacologic analgesics are generally more 

toxic in individuals of poorer health; thus, our results should not be generalized to the entire 

OA population. In a previous analysis, we examined the cost-effectiveness of using opioids 

in OA patients with comorbidities and found similar results, suggesting that tramadol leads 

to higher costs and worse quality-adjusted life expectancy.43 We acknowledge that our 

estimation of the cost of oxycodone diversion may exaggerate the healthcare burden of illicit 

opioid use attributable to the OA population; however, removing the cost of diversion had 

little effect on the cost-effectiveness of opioid-based strategies, thus the policy-relevant 

conclusions remained unchanged. Our assumption of decreased TKA effectiveness 

following opioid use was informed by few published studies of relatively small cohort sizes. 

We addressed this assumption in sensitivity analyses and found this to be an important factor 

in the cost-effectiveness of these agents.

Our findings have important implications for policy, research, and clinical care. The US 

spends over $1.5 billion1,6–9 on prescription opioids for knee OA patients without additional 

chronic conditions and over $28 billion on healthcare costs related to their illicit use.26 Our 

results suggest that opioids are not beneficial in this population if they are associated with 

even small (~10%) detriments in TKA outcomes. While patients without comorbidities may 

not be representative of the entire OA population, previous analyses similarly suggest that 

opioids are not cost-effective in a population with multiple comorbidities.43 However, at a 

willingness-to-pay threshold of $50,000/QALY, treatment of knee OA pain with tramadol 

(but not oxycodone) is an effective and cost-effective option in patients averse to surgical 

intervention. Given the risk of diversion and its associated cost for potent opioids, policy 

makers may consider limiting the use of potent opioids in knee OA patients. From a cost-

effectiveness standpoint, both opioid-based strategies led to higher costs without providing 

additional benefits, unless patients were unwilling or unable to undergo TKA later. Lastly, 

from a research perspective, our work highlights the gap in knowledge regarding the effects 

of opioid use on TKA outcomes. The influence of opioid use on TKA should be considered 

a research priority in order to understand the role of opioids in knee OA treatment.
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SIGNIFICANCE AND INNOVATION

• The finding that opioids do not appear to provide long-term clinical benefit if 

they diminish the effectiveness of total knee replacement suggests that, in 

general, clinicians should avoid prescribing opioids in patients with knee OA.

• For OA patients who are averse to total knee replacement, tramadol appears to 

be an effective and cost-effective treatment.

• This analysis shows for the first time that the long-term clinical benefit of 

opioids is highly dependent on their effects on TKA outcomes. This finding 

underscores the need for research on the influence of opioids on TKA 

outcomes.
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Figure 1. Treatment Sequences for OA Management
The figure depicts the treatment sequences through which subjects can progress. Each year 

while on a regimen, subjects are evaluated for sufficient pain relief, discontinuation, or 

major toxicity. If the regimen fails to provide pain relief or the subject experiences a major 

toxicity or discontinuation, the subject is removed from the regimen and progresses to the 

next regimen in the sequence. Conservative therapy includes non-steroidal anti-

inflammatory drugs, physical therapy, and corticosteroid injections. Following conservative 

therapy, subjects on the opioid-sparing strategy may either undergo TKA immediately or 

enter a waiting period (not depicted), taking acetaminophen as needed for pain relief, until 

deemed eligible and accept surgical intervention. Subjects on opioid-based strategies 

progress to tramadol following conservative therapy; those on the tramadol + oxycodone 

sequence may advance to oxycodone if tramadol fails to provide sufficient pain relief in the 

first or any subsequent year of tramadol treatment. Following treatment with opioids, 

subjects on opioid-based strategies may progress to total knee arthroplasty or take 

acetaminophen as needed (not depicted) until eligible and willing to undergo surgical 

intervention. Death may occur at any stage throughout the treatment sequence. 
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Abbreviations: NSAIDs, non-steroidal anti-inflammatory drugs; PT, physical therapy; TKA, 

total knee arthroplasty; PRN, as needed.

Smith et al. Page 15

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Incremental Cost-Effectiveness Ratios of Tramadol with Varying Effects on TKA, Late 
Failure, Toxicity, and Age
This figure illustrates the ICERs estimated for the tramadol strategy under a variety of 

conditions. The relative reduction in late failure and minor toxicity are taken from the base 

case assumptions. Decrements in total knee arthroplasty (TKA) effectiveness after opioid 

use were taken relative to the opioid-sparing strategy. TKA effectiveness includes pain relief 

after surgery and rate of early revision. Base case decrement in TKA outcomes following 

tramadol or tramadol followed by oxycodone was 10%. Late failure is defined as the 

probability of the analgesic failing to maintain pain relief in any subsequent year of 

treatment. Scenarios where tramadol increases cost and decreases quality-adjusted life years 

(QALYs) compared to an alternate strategy were termed Dominated.
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Table 3

Cost-effectiveness of tramadol and tramadol + oxycodone in strategies without surgical intervention

Sequence QALE Cost ICER

Age 50

Opioid-Sparing 13.72 $116,500

Tramadol 13.77 $118,200 $40,800

Tramadol + Oxycodone 13.81 $123,600 $127,900

Age 60

Opioid-Sparing 11.11 $118,000

Tramadol 11.15 $119,800 $39,600

Tramadol + Oxycodone 11.20 $125,000 $116,800

Age 70

Opioid-Sparing 8.18 $108,300

Tramadol 8.23 $110,000 $36,900

Tramadol + Oxycodone 8.28 $114,600 $98,300

*
ICERs reported as incremental costs in 2014 USD per QALY gained compared to the alternative treatment.

Abbreviations: QALE, quality adjusted life expectancy; ICER, incremental cost-effectiveness ratio
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Table 4

Results of probabilistic sensitivity analysis: probability of cost-effectiveness of treatment strategies at each 

WTP threshold

Sequence
Willingness to Pay Threshold

$50,000 $100,000 $150,000

Age 50

Opioid-Sparing 83% 76% 72%

Tramadol 17% 24% 27%

Age 60

Opioid-Sparing 81% 68% 63%

Tramadol 19% 32% 36%

Age 70

Opioid-Sparing 97% 91% 88%

Tramadol 3% 9% 12%

The probabilities of cost-effectiveness of the opioid-sparing and tramadol sequences are presented.37 The probability of cost-effectiveness of the 
tramadol + oxycodone strategy did not exceed 1%, and is, thus, not depicted. These results are based on 100 iterations, varying the discontinuation 
rate of opioid strategies in the first year of treatment, the effect of opioid use on TKA outcomes, and annual cost of illicit use for the oxycodone 

regimen. The discontinuation rate was assumed to be normally distributed with mean (SD) of 22% (2%);20 opioid effect on TKA efficacy was 
assumed to have a uniform distribution, producing a reduction in TKA effectiveness (compared to the opioid-sparing strategy) ranging from 0% to 

14%;5 the cost of diversion to illicit use for oxycodone was assumed to be uniformly distributed, ranging from $0 to the base case annual cost of 
$1,100.

Abbreviations: WTP, willingness to pay
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