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Background. Limited information exists regarding the cost-effectiveness of rehabilitation 

strategies for individuals with knee osteoarthritis (KOA).  

Objective. The study objective was to compare the cost-effectiveness of 4 different 

combinations of exercise, manual therapy, and booster sessions for individuals with KOA. 

Design. This economic evaluation involved a cost-effectiveness analysis performed alongside a 

multicenter randomized controlled trial. 

Setting. The study took place in Pittsburgh, Pennsylvania; Salt Lake City, Utah; and San 

Antonio, Texas. 

Participants. The study participants were 300 individuals taking part in a randomized controlled 

trial investigating various physical therapy strategies for KOA. 

Intervention. Participants were randomized into 4 treatment groups: exercise only (EX), 

exercise plus booster sessions (EX+B), exercise plus manual therapy (EX+MT), and exercise 

plus manual therapy and booster sessions (EX+MT+B). 

Measurements. For the 2-year base case scenario, a Markov model was constructed using the 

US societal perspective and a 3% discount rate for costs and quality-adjusted life years 

(QALYs). Incremental cost-effectiveness ratios were calculated to compare differences in cost 

per QALY gained among the 4 treatment strategies. 

Results. In the 2-year analysis, booster strategies (EX+MT+B and EX+B) dominated no-booster 

strategies, with both lower health care costs and greater effectiveness. EX+MT+B had the lowest 

total health care costs. EX+B cost $1061 more and gained 0.082 more QALYs than EX+MT+B, 

for an incremental cost-effectiveness ratio of $12,900/QALY gained. 
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Limitations. The small number of total knee arthroplasty surgeries received by individuals in 

this study made the assessment of whether any particular strategy was more successful at 

delaying or preventing surgery in individuals with KOA difficult. 

Conclusions. Spacing exercise-based physical therapy sessions over 12 months using periodic 

booster sessions was less costly and more effective over 2 years than strategies not containing 

booster sessions for individuals with KOA. 
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 Osteoarthritis is a leading cause of disability in the United States, with annual patient and 

payer expenditures exceeding $186 billion.
1,2

 Because the knee is the most commonly affected 

joint,
3
 it is imperative to identify knee osteoarthritis (KOA) treatments that are both clinically 

effective and cost-effective. A recent systematic review concluded that evidence regarding cost-

effectiveness of surgical KOA treatments is limited.
4
 An economic analysis found various 

combinations of exercise and manual therapy were all more cost-effective than usual care (eg, 

physician visits, pharmaceuticals, knee injections) among New Zealanders with osteoarthritis.
5
 

However, it is unclear which treatment combination is most cost-effective for KOA in the United 

States. 

 To reduce KOA-related pain and disability, exercise is an effective first-line intervention 

endorsed by professional organizations including the American Academy of Orthopaedic 

Surgeons, American College of Rheumatology, Osteoarthritis Research Society International, 

and European League Against Rheumatism.
6–9

 A recent systematic review suggested that greater 

improvements may be achieved with an individually supervised exercise program rather than a 

group- or home-based program.
10

 

 Evidence regarding manual therapy for individuals with KOA is mixed,
6–9,11,12

 but recent 

studies suggest that it likely provides at least short-term benefits in pain and physical function 

and may be cost-saving compared to usual care.
5,13,14

 Recently published clinical effectiveness 

results of a randomized controlled trial (RCT) also support the presence of short-term benefits of 

manual therapy for KOA.
15

 

 Current evidence is conflicting regarding whether booster physical therapy sessions 

sustain rehabilitation benefits over longer periods. Booster sessions are supervised sessions 
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occurring weeks or months following the initial formal supervised program and may aid in 

progression of an independent home program and motivate the patient to continue the 

program.
14,16

 We recently found similar clinical effectiveness at 1-year follow-up between 

physical therapy strategies that did and did not include booster sessions.
15

 Other recent evidence 

is conflicting, with 2 studies noting positive clinical benefits of booster sessions for those with 

KOA and a third study finding no benefit.
14,16

 The cost-effectiveness of booster sessions has not 

been studied. 

The clinical effects of the 4 physical therapy strategies studied in the present RCT were 

similarly positive, further supporting the effectiveness of exercise but providing conflicting 

information regarding whether manual therapy and/or booster sessions enhance the magnitude or 

persistence of benefits from exercise therapy.
15

 These findings warrant further investigation to 

determine whether different physical therapy strategies are equally effective but 1 strategy costs 

substantially less. Dissemination and implementation of that strategy may provide substantial 

cost savings and inform payer and provider policies regarding delivery of physical therapy 

services for KOA. In the present economic evaluation conducted alongside a 2-year RCT,
15

 we 

evaluated the cost-effectiveness of 4 combinations of exercise therapy, manual therapy, and 

booster sessions provided by physical therapists. 

 

Methods 

Design Overview 

 We adopted a societal perspective to compare the relative cost-effectiveness of 4 different 

physical therapy strategies for individuals with KOA over a 2-year period. The economic 
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evaluation was conducted alongside an RCT investigating the clinical effectiveness of the 4 

physical therapy strategies.
15

 Economic outcomes were described in incremental cost-

effectiveness ratios (ICERs), briefly described as the difference in costs between 2 physical 

therapy strategies divided by the difference in effectiveness. 

 

Setting and Participants 

 Data were collected from 300 RCT participants who were 40 years old or older and who 

met American College of Rheumatology criteria for KOA.
17

 Participants were recruited from 

sites in Pittsburgh, Pennsylvania; Salt Lake City, Utah; and San Antonio, Texas. Local 

institutional review boards approved the study, and all participants provided informed consent. 

Table 1 outlines the baseline characteristics of the participants; additional details are described 

elsewhere.
15

 

 

Randomization and Interventions 

 Participants were randomized into 4 physical therapy treatment groups: exercise only 

(EX), exercise plus booster sessions (EX+B), exercise plus manual therapy (EX+MT), and 

exercise plus manual therapy and booster sessions (EX+MT+B). All groups received similar 

exercise interventions focusing on strength and flexibility of hip and knee musculature. The 

manual therapy groups additionally received stretching and nonthrust knee joint mobilizations. 

Hip and ankle treatments were used if clinical examination indicated the presence of impairment 

in these joints. Additional details of the interventions are described elsewhere.
15
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Individuals receiving booster sessions received 8 visits over 9 weeks, followed by 4 

additional booster sessions spaced across 1 year. Booster sessions were periodic face-to-face 

appointments with the treating physical therapist. At each booster session, the physical therapist 

reviewed the home exercise program with the participant, discussed problems, and made 

recommendations for progression or modification of the program. Although individuals 

receiving booster sessions had a reduced frequency of initial physical therapy (8 visits over 9 

weeks) compared to the 1 to 3 visits per week commonly used in outpatient physical therapy 

care, the overall dosage of physical therapy was equal across both groups (12 total visits). 

Individuals not receiving booster sessions received 12 physical therapy sessions across 9 weeks. 

 

Outcomes and Follow-Up 

Clinical outcome measures, including the Western Ontario and McMaster Universities 

Osteoarthritis Index (WOMAC), were measured at baseline, 9 weeks, 1 year, and 2 years. Health 

care utilization and quality-of-life data were measured at baseline, 1 year, and 2 years.
15

 

Direct medical and direct nonmedical costs were obtained and calculated from a 

combination of participant self-report and publicly available databases. Using the Osteoarthritis 

Cost and Consequences Questionnaire,
18

 participants reported 12-month health care utilization at 

baseline (looking back over the 12 months prior to study enrollment), 1 year, and 2 years. 

Utilization variables included surgeries because of osteoarthritis, corticosteroid or hyaluronan 

injections, imaging, medication related to osteoarthritis, outpatient services specific to KOA, 

durable medical equipment and home modifications, use of community services, cost of 

transportation to/from medical appointments for KOA, and emergency room and inpatient 
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services specific to KOA (eTab. 1; available at https://academic.oup.com/ptj). Unit costs for 

services covered by health insurance were obtained from the Medicare Physician Fee Schedule 

and the Nationwide Inpatient Sample.
19,20

 Costs for services not covered by health insurance (eg, 

acupuncture, massage, house cleaner directly related to KOA, transportation costs to and from 

medical visits) were self-reported. These costs were aggregated by health state (eg, poor 

function, good function; Fig. 1) and by treatment group. For example, monthly cost of pain 

medication for participants in the EX+MT group averaged $117.29 per person who was 

functioning poorly according to the WOMAC; for participants in the EX+MT group who were 

functioning well, monthly cost of pain medication averaged $37.40. 

To capture risk and associated costs of relatively rare events such as surgical 

complications, we used publicly available databases and data from large studies. Further detail 

regarding health resource utilization and cost data is located in the eTable 1. 

Effectiveness was measured in quality-adjusted life years (QALYs). Quality-of-life utility 

values were elicited using the US version of the EuroQol-5-Dimension tool, which queries an 

individual’s perceived limitations related to mobility, self-care, usual activities, pain/discomfort, 

and anxiety/depression.
21

 Each participant’s ratings were transformed into a utility score using 

published preferences based on the US population. Utility values are a measure of preference for 

health states, anchored at scores of 0 = death and 1 = perfect health. 

  

Data Analysis 

Model construction. Markov state-transition modeling was used to estimate the cost-

effectiveness of the 4 physical therapy strategies. Primary physical function data collected from 
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each study participant over the 2-year period were entered into the model to depict the functional 

and surgical status of each study participant over time. Although a trial-based cost-effectiveness 

model would provide extremely similar results to modeling for the base case analysis, modeling 

was selected in favor of a trial-based cost-effectiveness analysis method for 2 primary reasons. 

First, modeling allows robust sensitivity analysis, with systematic variation of each parameter 

over empiric ranges, including the probability of adverse events not observed in the sample. 

Second, modeling allows projection of data beyond the observation period. 

There are several possible Markov health states that a participant could be in at any point 

in time (see Fig. 1 for a schematic depiction of health states). All study participants were 

assumed to be in a state of ―poor/worsening function‖ upon entry to the study. Transitions 

between states were dependent upon whether each participant underwent surgery of the affected 

knee and whether the WOMAC score improved or declined beyond the published minimum 

clinically important difference (16-point improvement or 33-point decline on the 240-point 

version of the scale).
22

 Transitions between states were averaged across each time period. For 

example, if 12 individuals had ―good function‖ at the 1-year follow-up and ―poor function‖ at the 

2-year follow-up, then the model assumed that 1 individual per month had transitioned from 

good function to poor function. Individuals whose baseline WOMAC score was too low to 

improve beyond the minimum clinically important difference (ie, the participant was too highly 

functioning) were excluded from the analysis. Otherwise, missing data (which totaled 7.5% of 

data because of dropouts during the study) was handled by imputing the mean value for the 

missing variable. Death was assumed possible only as a complication from surgery. 

 The model does not depict the possibility of a person moving directly from 

―good/improving function‖ to any of the surgical states. Logically, a person who is functioning 
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well would not undergo surgery. However, since our WOMAC data were only collected at 

baseline, 9 weeks, 1 year, and 2 years, a few individuals did indeed progress directly from 

good/improving function to arthroscopy or total knee arthroplasty (TKA). The probability of 

doing so varied from 0 to 0.043; this direct transition was accounted for in the model but is not 

depicted in Figure 1 or Table 2 for the sake of simplicity. 

 Table 2 provides the values of model parameters used in the base case scenario and the 

variable ranges used in sensitivity analyses. We used a societal perspective, as defined by the 

Panel on Cost-Effectiveness in Health and Medicine.
23

 Year 2011 US dollars were used, and an 

annual discount rate of 3% was applied for future costs and effectiveness in accordance with the 

panel’s recommendation.
23

 ICERs were calculated to compare the relative cost-effectiveness of 

the 4 treatment strategies, by dividing the difference in costs between 2 strategies by the 

difference in effectiveness between 2 strategies. There is no agreed-upon criterion in the United 

States regarding an ICER that denotes whether a strategy should be considered cost-effective. 

For the present study, we chose to use a criterion of $100,000/QALY gained, in accordance with 

recent literature recommendations.
24,25

 

 

Sensitivity analysis. In 1-way sensitivity analyses, each parameter was individually varied over 

the ranges outlined in Table 2. In addition, a probabilistic sensitivity analysis (PSA) was 

performed to account for sampling and parameter uncertainty.
26

 All parameter values were 

varied simultaneously over distributions 5000 times. Triangular distributions were used for most 

variables, and uniform distributions were used when data were sparse. A cost-effectiveness 

acceptability curve was constructed from the results of the PSA. 
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 Short-term reductions in utility were expressed for 5 scenarios (arthroscopy with or 

without complication, TKA with or without complication, and hospitalization because of 

complications from medical treatment of KOA). For each scenario, the number of days of 

disutility were expressed as the median length of stay; minimum and maximum values were the 

median length of stay plus/minus the standard error.
19,27,28

 We assumed those days were worth 

zero utility and were essentially QALYs lost; in a sensitivity analysis, we varied this over a 

utility range of 0.0 to 1.0. 

 Our base case scenario had a 2-year time horizon, based on the duration of study data 

collection. The Markov cycle length was 1 month (a participant must remain in a health state for 

1 month; at the end of the monthly cycle, the participant may move into a different health state 

depending upon functional and surgical status). State transition probabilities were averaged over 

time to account for the fact that data were not collected monthly. 

 

Secondary analysis. In an exploratory aim, a secondary analysis projected costs and 

effectiveness to 5 years, to allow exploration of potential benefits of rehabilitation that were not 

captured within the 2-year study follow-up period. This analysis continued the same probability 

values used in the second year of the model. Because most participants somewhat declined from 

year 1 to year 2 while they were not receiving active treatment, continuation of these 

probabilities models the continued decline that would be expected with a chronic degenerative 

disease such as KOA. TreeAge Pro version 2015 (TreeAge Software, Inc) was used for model 

construction and analyses. 
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Role of the Funding Source 

 This study was supported by a grant from the Agency for Healthcare Research and 

Quality. The study sponsors did not play a role in study design; collection, analysis, or 

interpretation of the data; writing of the manuscript; or manuscript publication decisions. 

 

Results 

A total of 270 participants completed all study follow-up visits (EX: n = 66; EX+B: n = 

59; EX+MT: n = 69; EX+MT+B: n = 64). However, 6 participants were excluded from analysis 

because of a ceiling effect on the baseline WOMAC score (1 in EX+B, 1 in EX, 2 in EX+MT+B, 

and 2 in EX+MT). 30 participants dropped out during the course of the study (EX: n = 7; EX+B: 

n = 13; EX+MT: n = 3; EX+MT+B: n = 7); reasons for attrition have been described 

elsewhere.
15

 

Average costs were, predictably, higher for participants who underwent TKA surgery 

because of increased utilization of rehabilitation, durable medical equipment, home health 

services, and imaging in the perioperative period (Tab. 2; eTab. 1). Surgical utilization was 

relatively low, with a total of 22 TKAs and 3 knee arthroscopies over 2 years (Tab. 2). Among 

participants who did not undergo surgery, monthly direct costs were higher for those reporting 

poor function than those reporting good function (Tab. 2). 

Table 3 provides 2-year base case cost-effectiveness results. Lowest costs were observed 

for the EX+MT+B strategy, while greatest effectiveness (most QALYs gained) was in the EX+B 

strategy. When EX+MT+B is compared to EX+B, EX+B gains 0.08 QALY while costing an 
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additional $1062. The result is an ICER of $12,900/QALY gained, which falls well within the 

$100,000/QALY threshold.
24,29

 Strategies that did not contain boosters were dominated (higher 

costs and lower effectiveness) by booster strategies. 

Table 3 also provides results of the 5-year projected model. The EX+MT+B strategy 

remains the least expensive strategy, while the EX and EX+B strategies fall within a cost-

effective range, with EX+B remaining the favored strategy when a $50,000 or $100,000/QALY 

threshold is used. The EX+MT strategy remains dominated by the booster strategies. 

In 1-way sensitivity analyses performed to test the robustness of the model, variation 

across the ranges outlined in Table 2 did not change the results of the cost-effectiveness analysis 

except in a few unlikely scenarios. In the EX+MT+B and EX+B treatment groups, if the 

probability of remaining in poor function (for EX+MT+B) or good function (EX+B) is varied to 

a substantial degree, then the EX+MT+B strategy becomes dominant over all other strategies 

(Tab. 4). In other words, the preferred strategy becomes even more strongly preferred. 

 Only 1 parameter was revealed to potentially change the preferred strategy in a 1-way 

sensitivity analysis. Within the EX group, substantially altering the probability of a participant in 

poor function remaining in poor function makes the EX strategy dominant over the other 3 

strategies. However, this time-based probability (eTab. 2, row 1) would need to be halved (Tab. 

4; threshold multiplier value of 0.5) compared to the observed probability in the study; this is 

extremely unlikely. 

A PSA varying all parameters simultaneously over distributions in the 2-year model 

showed that the EX+B strategy was most likely to be cost-effective when the willingness-to-pay 

threshold was greater than $15,000/QALY gained (Fig.2); below that threshold, the EX+MT+B 
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strategy is the most likely to be cost-effective. Strategies not containing boosters (EX+MT and 

EX) were less likely than booster strategies (EX+MT+B and EX+B) to be cost-effective across 

the range of willingness-to-pay values. At willingness-to-pay thresholds of $50,000 and 

$100,000 per QALY gained, EX+MT+B was favored in approximately 33% and 30% of model 

iterations; EX+B was favored in approximately 60% and 63% of model iterations, respectively. 

In a post hoc analysis, we calculated incremental costs and effectiveness between the 4 

strategies after including the 6 participants who had been excluded from the base case 

calculations because of a ceiling effect on the WOMAC. This did not change the preferred 

strategy; the EX+MT+B strategy remained the least costly and was dominant over nonbooster 

strategies. 

 

Discussion 

 Our results indicate physical therapy strategies using booster sessions, where physical 

therapy sessions are distributed over 1 year, result in greater effectiveness and lower health care 

utilization than nonbooster strategies (all allotted sessions delivered within 9 weeks). In nearly 

every plausible scenario, the preferred strategy in our cost-effective analysis was a combination 

of exercise and booster sessions, with or without manual therapy. 

 Clinical effectiveness results of this trial (published elsewhere) indicated that all 4 

treatment strategies were associated with marked improvement in physical function, but no 

single strategy resulted in superior WOMAC scores compared to the others.
15

 Because it may be 

argued that all 4 strategies may result in similar clinical improvement, determining cost-

effectiveness is important because both clinicians and insurers may want to select the strategy 
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that is least costly or provides the greatest improvement in quality of life. Therefore, these results 

support the adoption of booster sessions in the physical therapy management of KOA. 

 A strength of this study is that data were collected directly from participants over 2 years. 

It was important to collect primary data for this analysis because little information is available 

regarding the use of booster sessions for patients in the United States; therefore, reliance upon 

existing literature would have significant limitations. We did refer to existing literature to 

estimate probabilities and costs when appropriate. Because of the breadth of information needed 

to perform a cost-effectiveness analysis, it is relatively rare to have a data set based on actual 

measurements of most parameters as opposed to estimation from the literature or expert opinion. 

 Sensitivity analysis strongly supported the results of the study, as shown by the stability 

of the model. We varied all parameters across plausible ranges and/or 95% confidence intervals. 

Results indicate that all variables were stable across all plausible ranges. Preferred strategies 

changed only when varying parameters well beyond what was observed within the study. The 

PSA further supported the model’s stability, indicating that strategies containing booster sessions 

are superior to those without booster sessions. 

 Current clinical practice is influenced by payment models that encourage short episodes 

of physical therapy care with a specific number of visits over a discrete period. Our findings 

indicate spacing visits across longer periods may result in sustained improvements in function 

and decreased health care utilization. These sustained improvements would have a substantial 

impact on health and well-being for patients with KOA. However, widespread adoption of 

booster sessions in physical therapy would require health insurers to consider innovative 

payment models. 
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 Literature examining the cost-effectiveness of physical therapy strategies to treat KOA is 

scarce.
4
 One well-known study, the ESCAPE knee pain trial, found that an exercise-based 

program consisting of 12 physical therapy visits was cost-effective over 30 months compared to 

usual care across willingness-to-pay thresholds up to £9750.
30

 This analysis, however, was 

reported from the third-party payer perspective only while our base case analysis was performed 

from the societal perspective as recommended by the Panel on Cost-Effectiveness in Health and 

Medicine.
30,31

 

 One study examined the cost-effectiveness of a physical therapy strategy including 

physical activity promotion and booster sessions over 1 year compared to traditional guideline-

based physical therapy for people with hip and/or KOA.
32

 Surprisingly, this study found large 

ICERs favoring usual physical therapy care. These results were largely driven by a lack of 

difference in effect between the 2 strategies. That study did not include manual therapy, and thus 

is not directly comparable to the strategies used in our study. In addition, that study was 

performed in the Netherlands; its information regarding costs and health care utilization are not 

generalizable to the United States. 

 In the recent MOA trial, Abbott et al found that either exercise therapy or manual therapy 

was superior to usual care for individuals with hip and KOA.
13

 The combination of exercise and 

manual therapy was beneficial, but less effective than exercise or manual therapy alone.
13

 Cost-

effectiveness analysis revealed similar results: manual therapy was cost-saving; exercise therapy 

was cost-effective, while combination therapy and usual care were not as cost-effective.
5
 Our 

results within nonbooster strategies are fairly consistent with the MOA trial; the EX+MT group 

had higher costs and lower effectiveness than the EX group. However, results for the 2 booster 

strategies in the present trial are somewhat inconsistent with the findings of Abbott et al (the 
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EX+MT+B group in the present study had lower costs and slightly lower effectiveness than the 

EX+B group). It is difficult to directly compare the 2 studies because we did not study manual 

therapy alone, and the MOA trial did not investigate booster sessions. However, dosage may 

play a role in the relative cost-effectiveness of different strategies. In the MOA trial, participants 

receiving combined manual and exercise therapy tended to receive less of each (for example, 

participants may receive 60 minutes of manual therapy, 60 minutes of exercise therapy, or 30 

minutes of each). In our trial, participants who received combined manual therapy and exercise 

had longer physical therapy visits. 

 

Limitations 

 A primary limitation in our study was the small number of TKA surgeries. This resulted 

in limited power to detect differences between strategies in the number of cases that progressed 

to TKA. If 1 strategy is superior in its ability to delay or eliminate the need for TKA, then that 

strategy would likely be the least costly. The study was not powered to detect differences in the 

number of TKAs undergone by participants in each group. A larger sample size and longer 

follow-up would be needed to investigate this issue. In addition, our estimates of utility scores 

for individuals with TKA are likely imprecise because of the small number of TKAs. However, 

we did vary utility scores from 0 to 1 in additional sensitivity analyses, and the preferred 

treatment strategy remained the same. 

 We relied on participant self-report for utilization of common health care procedures such 

as knee radiographs, injections, and medications. Although our cost data were derived from 

publicly available databases and thus were accurate, it is possible that recall bias regarding 
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utilization impacted the overall calculation of health care costs.
19,20

 However, the Osteoarthritis 

Cost and Consequences Questionnaire has been validated against reference-standard provider 

databases over 3 months and similar cost questionnaires have been validated over longer periods 

of time.
18,33,34

 

 To capture potential benefits of physical therapy strategies used beyond the 2-year 

follow-up, we used our Markov model to perform secondary analyses projected to a 5-year time 

horizon using the same probabilities observed over the 2-year period. It is possible that these 

probabilities would not have remained steady from year 2 to year 5, so the results of the 5-year 

projected analysis should be interpreted with caution. 

 We followed guidelines for cost-effectiveness analysis that recommend using the societal 

perspective.
23,31

 We did not include lost productivity, as it was not recommended by the Panel on 

Cost-Effectiveness in Health and Medicine at the time this study was conducted. Because our 

analysis is from a societal perspective, our analysis is not generalizable to individual health care 

consumers or payers. These results may change if the analysis is performed from an individual or 

payer perspective. 

 The trial on which this analysis was based did not include a usual care group because the 

trial’s purpose was to compare different strategies of physical therapy for individuals with KOA. 

This precludes us from comparing cost-effectiveness between usual care and structured 

rehabilitation. However, because most clinical practice guidelines recommend physical therapy 

or supervised exercise as a first-line treatment for KOA, we feel that the present study provides 

policy-relevant information to the field of physical therapy. 
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Future Directions 

 Our findings suggested that people with KOA may benefit from a policy shift allowing 

longer episodes of physical therapy care with periodic boosters to promote long-term 

maintenance of improvements. Innovative payment models, including bundled care and pay-for-

performance, may be the first step toward adoption of cost-effective nonsurgical management of 

KOA. Future research should comprehensively study progression to TKA or other costly surgery 

in a larger sample, as well as the potential influence of various physical therapy strategies on this 

progression. 

 

Conclusions 

 Spacing exercise-based physical therapy sessions over 12 months using periodic booster 

sessions was cost-effective over 2 years compared to strategies not utilizing boosters. 
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Figure 1. Schematic depiction of Markov model. Participants in all 4 treatment groups (exercise 

only, exercise plus manual therapy, exercise plus booster sessions, and exercise plus manual 

therapy and booster sessions) entered the model in ―Poor/Worsening Function.‖ Model health 

states are shown as ovals. During monthly model cycles, transitions between health states or 

remaining in the same health state could occur and are represented by arrows. Transitions to 

different states depended upon whether a participant underwent surgery and whether the Western 

Ontario and McMaster Universities Osteoarthritis Index score changed beyond the minimum 

clinically important difference. Death, while possible in our model, is not depicted because all 

participants were alive at the 2-year follow-up. Scope = arthroscopy, TKA = total knee 

arthroplasty. 
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Figure 2. Cost-effectiveness (CE) acceptability curve. Below a willingness-to-pay threshold of 

$13,000, the exercise (EX) plus manual therapy (MT) and booster sessions strategy was 

preferred more often. Above a willingness-to-pay threshold of $13,000, the EX plus booster 

sessions strategy was preferred more often. Strategies not containing booster sessions were never 

the most likely option to be cost-effective at any willingness-to-pay value. 
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Table 1. Baseline Characteristics of Study Participantsa 

 Treatment Groupb 

Characteristic Ex (n = 75) Ex+B (n = 76) Ex+MT (n = 75) Ex+MT+B (n = 74) 

Age, y, X̄ (SD) 58.3 (10.0) 58.4 (8.7) 58.0 (9.8) 58.5 (9.4) 

Sex     

Men 23 (31) 25 (33) 26 (35) 27 (36) 

Women 52 (69) 51 (67) 49 (65) 47 (64) 

Body mass index, X̄ 

(SD) 

30.1 (6.5) 31.4 (7.2) 31.1 (5.7) 31.7 (5.6) 

Bilateral involvement 45 (60) 46 (61) 46 (61) 44 (59) 

Duration of knee 

symptoms, y 

    

<1 8 (10.7) 9 (11.8) 9 (12.0) 8 (10.8) 

1–2 12 (16.0) 10 (13.2) 7 (9.3) 8 (10.8) 

3–5 14 (18.7) 19 (25.0) 13 (17.3) 14 (18.9) 

5–10 25 (33.3) 18 (23.7) 27 (36.0) 20 (27.0) 

<10 16 (21.3) 20 (26.3) 19 (25.3) 24 (32.4) 

 

a
Data are reported as number (percentage) of participants unless otherwise indicated. 

b
EX = exercise only, EX+B = exercise plus booster sessions, EX+MT = exercise plus manual 

therapy, EX+MT+B = exercise plus manual therapy and booster sessions. 
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Table 2. Parameter Values and Ranges Used in the Sensitivity Analysis
a
 

Description Base Case Minimum Maximu

m 

Source of Data 

Probabilities (%)
b 

Total knee arthroplasty (TKA)     

Probability of TKA  6.2 13.2 Observed 

EX 7.6 (5 TKAs)    

EX+B 6.5 (4 TKAs)    

EX+MT 13.2 (9 

TKAs) 

   

EX+MT+B 6.2 (4 TKAs)    

Mortality from TKA 0.26 0.001 0.26 Bozic et al
35

; 

Singh et al
36 

Complications from TKA 3.1 1.8 9.0 Bozic et al
35

; 

Singh et al
36

 

Arthroscopy 

Probability of arthroscopy  0 3.3 Observed 

EX 0 (0 

arthroscopies) 

   

EX+B 3.3 (2 

arthroscopies) 

   

EX+MT 0 (0 

arthroscopies) 

   

EX+MT+B 1.5 (1 

arthroscopy) 

   

Mortality from arthroscopy 0.008 0.0004 0.008 Martin et al
27

; 

Salzler et al
28 

Complications from 1.6 0 2.8 Martin et al
27

; 
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arthroscopy Salzler et al
28

 

Non–knee surgery related 

Complications from 

medical treatment (eg, 

gastrointestinal bleed) 

0 0 3.22 Observed
37 

Medical Costs ($)
c 

TKA 

TKA surgery and 

hospitalization (1-time 

cost) 

14,028 13,984 14,097 HCUP
19

 

TKA surgery with 

complications (1-time cost) 

19,595 19,335 19,732 HCUP
19

 

Good function after TKA 

(monthly cost) 

 355 613 Observed 

EX 471    

EX+B 355    

EX+MT 498    

EX+MT+B 613    

Poor function after TKA 

(monthly cost) 

 359 624 Observed 

EX 359    

EX+B N/A    

EX+MT 469    

EX+MT+B 624    

Arthroscopy 

Knee arthroscopy surgery 

(1-time cost) 

6310 4732 7888 Lubowitz and 

Appleby
38
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Good function after knee 

arthroscopy (monthly cost) 

 81 225 Observed 

EX N/A    

EX+B N/A    

EX+MT N/A    

EX+MT+B 225    

Poor function after knee 

arthroscopy (monthly cost) 

 130 530 Observed 

EX N/A    

EX+B 530    

EX+MT N/A    

EX+MT+B N/A    

Costs of remaining in nonsurgical health states 

Good function (monthly 

cost) 

 81 164 Observed 

EX 108    

EX+B 140    

EX+MT 113    

EX+MT+B 89    

Poor function (monthly 

cost) 

 130 264 Observed 

EX 154    

EX+B 180    

EX+MT 218    

EX+MT+B 161    

Other medical costs 
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Total cost of providing 

study physical therapy 

treatment 

 1204 1440 Observed, 

Medicare fee 

schedule 

EX, EX+B 1204    

EX+MT, EX+MT+B 1440    

Complications from medical 

treatment (eg, hospital stay for 

gastrointestinal bleed; 1-time 

cost) 

6837 5101 10,770 HCUP
19

 

Utility Values by Health State
d 

Poor function  0.647 1.0 Observed 

EX 0.833    

EX+B 0.828    

EX+MT 0.821    

EX+MT+B 0.811    

Good function  0.659 1.0 Observed 

EX 0.862    

EX+B 0.888    

EX+MT 0.880    

EX+MT+B 0.883    

Good function after TKA  0.678 1.0 Observed 

EX 0.899    

EX+B 0.836    

EX+MT 0.822    

EX+MT+B 0.913    

Poor function after TKA  0.738 0.861 Observed 
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EX 0.8    

EX+B 0.8    

EX+MT 0.782    

EX+MT+B 0.795    

Good function after 

arthroscopy 

 0 1.0 Observed 

EX 1.0    

EX+B 1.0    

EX+MT 1.0    

EX+MT+B 1.0    

Poor function after arthroscopy  0.756 0.861 Observed 

EX 0.8    

EX+B 0.809    

EX+MT 0.8    

EX+MT+B 0.8    

 

a
EX = exercise only, EX+B = exercise plus booster sessions, EX+MT = exercise plus manual 

therapy, EX+MT+B = exercise plus manual therapy and booster sessions, HCUP = Healthcare 

Cost and Utilization Project, N/A = not applicable.  

b
Observed cumulative probabilities over the 2-year study period; in the model, these probabilities 

varied at each study time point. 

c
Base case costs of surgery, hospitalization, and study-related physical therapy were based upon 

information from the literature and nationally available databases; the minimum and maximum 

values reflected the confidence intervals. Annual costs of each health state reflected the sum of 

all costs for knee osteoarthritis–related health care utilization, averaged for each treatment group. 
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d
For base case utility values, we used the average utility score for each group across all study 

time points. The minimum and maximum values reflected the highest and lowest utility scores 

reported by any individual in any treatment group at any time point. 
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Table 3. Base Case and 5-Year Projected Model Results Listed in Order of Increasing Cost, 

From Least Costly to Most Costly
a
 

 

Strategy Cost ($) Incremental 

Cost ($)
b 

Effectiveness 

(QALYs) 

Incremental 

Effectiveness 

(QALYs)
b 

ICER
b 

Base Case Results 

EX+MT+B 5283  1.32   

EX 5437 154 1.22 −0.10 Dominated 

EX+B 6344 1062 1.40 0.08 $12,900 

EX+MT 8249 1904 1.05 −0.35 Dominated 

5-Year Projected Model 

EX+MT+B 12,997  3.14   

EX 13,310 312 3.21 0.062 $5059 

EX+B 15,275 1965 3.30 0.09 $21,548 

EX+MT 21,299 6024 2.48 −0.81 Dominated 

 

a
EX = exercise only, EX+B = exercise plus booster sessions, EX+MT = exercise plus manual 

therapy, EX+MT+B = exercise plus manual therapy and booster sessions, ICER = incremental 

cost-effectiveness ratio, QALYs = quality-adjusted life years. 
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b
Incremental costs (in US dollars), incremental effectiveness, and ICERs were in relation to the 

least costly strategy (EX+MT+B). 
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Table 4. One-Way Sensitivity Analysis
a
 

Parameter Base Case 

Table 

Multiplier
b 

Threshold 

Multiplier 

Value
b 

Favored Strategy 

Below Threshold 

Probability of continuing poor 

function 

   

 EX 1.0 0.5 EX dominated all 

other strategies 

 EX+MT+B 1.0 0.7 EX+MT+B, EX+B 

dominated
c 

Probability of continuing good 

function 

   

 EX+B 1.0 0.9 EX+MT+B, EX+B 

dominated
c 

 

a
EX = exercise only, EX+B = exercise plus booster sessions, EX+MT+B = exercise and manual 

therapy plus booster sessions. 

b
Applied to time-based, strategy-specific values in Appendix Table 2 (eg, a multiplier of 0.5 

would take all of that table’s listed time-based probabilities for that strategy and cut them by 

half). 

c
In this case, the preferred strategy (EX+MT+B) would become even more strongly preferred. 
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