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 1 

Title: Return on investment of anterior cruciate ligament injury prevention programs in 1 

the United States 2 

 3 

 4 

Abstract 5 

Context 6 

Anterior cruciate ligament (ACL) tears represent a significant health and economic 7 

burden in high school athletes. Despite evidence showing lower extremity injury 8 

prevention programs (IPPs) are effective at preventing ACL injury, IPPs lack widespread 9 

adoption.  10 

Objective 11 

Compare the cost-benefit of implementation of an injury prevention program versus 12 

standard warm-up in a national high school soccer population using a health system 13 

perspective. 14 

Design 15 

Cost Benefit Analysis. 16 

Setting 17 

Simulation of nationwide implementation of an IPP for United States high school soccer 18 

players.  19 

Patients or Other Participants 20 

Data for high school soccer players from the 2018-2019 season. 21 

Main Outcome Measure  22 
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 2 

Return on investment was calculated using the cost of ACL treatment prevented with 23 

IPP use and the cost of IPP implementation.  24 

Results 25 

IPP implementation was the preferred strategy with a return on investment of $7.51 26 

saved in ACL treatment costs prevented for every dollar spent on IPP implementation in 27 

our full model. When separating analysis by insurance type, private payors continued to 28 

show profitability while public payors failed to break even. The total net monetary benefit 29 

was over $60 million when simulating national-level IPP implementation.  30 

Conclusions 31 

IPP implementation has the potential to generate significant medical cost savings in 32 

short-term ACL treatment costs, especially for private payors, when implemented in a 33 

national high school soccer population. The expected cost-benefit of IPPs should 34 

encourage broader implementation efforts and the inclusion of economically relevant 35 

stakeholders.   36 

Key Words 37 

Economic evaluation; cost benefit analysis; return on investment; anterior cruciate 38 

ligament injury; injury prevention program 39 

Key Points 40 

 Nationwide IPP implementation had a profitable return on investment in our full 41 

model and model that accounted for only private payors.  42 

 The net monetary benefit of nationwide IPP implementation was over $60 million.  43 

 44 

 45 
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 3 

Introduction  46 

Anterior cruciate ligament (ACL) tears are a major health burden as incident 47 

rates continue to increase with high school-age athletes being at increased risk1. ACL 48 

tears result in costly surgical reconstruction and rehabilitation treatment2 and estimates 49 

of ACL tear lifetime burden in the United States range from $7.6 billion to $17.7 billion3. 50 

 Evidence suggests lower extremity injury prevention programs (IPPs) could help 51 

mitigate the burden of ACL injuries4. IPPs are multicomponent training programs often 52 

used in place of a warm-up that utilize a combination of strength, plyometrics, agility, 53 

and flexibility exercises along with feedback on movement technique to decrease the 54 

risk of injury5. Studies have found that IPPs reduce risk of ACL tears in athletes by 51-55 

85%6-9. Despite overwhelming evidence that IPPs can significantly reduce ACL tears in 56 

adolescent athletes, widespread adoption of IPPs has not occurred10. Coaches play a 57 

key role in IPP implementation and efforts have focused on addressing their perception 58 

of IPPs 10. Coaches have cited a lack of organizational and administrative support and 59 

education as barriers to implementing IPPs and recommended policy changes to 60 

incorporate IPP instruction into coaching education and licensure11. Despite these 61 

recommendations, little research exists predicated towards organizational and policy 62 

stakeholders who could make these changes. There have been recent efforts to unify 63 

different stakeholders in supporting systems-level change in IPP implementation1, but 64 

the alignment of financial incentives to support implementation efforts still remain 65 

unclear.  66 

Economic evaluations quantify the costs and consequences of specific 67 

interventions to provide payors, policymakers, and providers the necessary information 68 

Onli
ne

 Firs
t

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-17 via free access



 4 

to adopt implementation strategies12. Economic evaluation analyses of IPPs have been 69 

conducted in other countries13 and found nationwide IPP campaigns can have positive 70 

economic impacts14. Given the significant differences in healthcare systems between 71 

the United States and other countries, economic evaluation specific to a United States 72 

context is necessary to understand the cost-benefit of IPPs. According to our search 73 

only a single cost-effectiveness analysis for an ACL IPP has been conducted in the 74 

United States4. The aim of this study is to compare the cost-benefit of 75 

implementation of an IPP versus standard warm-up at a national level using a 76 

health system perspective in a high school soccer population. We hypothesize that 77 

national-level implementation of IPPs will be the favored strategy. We expect this 78 

current study can inform resource allocation and incentive structure for policymakers 79 

and stakeholders to advance IPP implementation. 80 

  81 

Methods 82 

Study Design 83 

The study design is a cost-benefit analysis of national level implementation of a 84 

lower extremity IPP versus standard warm-up on ACL treatment costs. Because 85 

implementation is being simulated at a national-level and there are many external 86 

factors that cannot be accounted for, a conservative approach was taken in both the 87 

selection of study perspective, parameters, model restrictions, and use of robust 88 

sensitivity analysis. Analysis was restricted to ACL-related treatment costs from a health 89 

system perspective over a time horizon of a single high school soccer season. To better 90 

inform what stakeholders may be involved in implementation based on the alignment of 91 
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 5 

financial incentives, analysis was restricted to public and private payors in addition to 92 

performing full model analysis including both payor types. The figure in the appendix 93 

depicts the decision tree model used to evaluate IPP implementation versus standard 94 

warm-up. Because we are evaluating the prevention of costs related to adverse health 95 

events, effectiveness measures were inverted when assessing cost-benefit in the model 96 

(lower treatment costs are preferred).  97 

 98 

Study Population and Model Design 99 

 Our reference case uses United States high school soccer athletes from the 100 

2018-2019 season. This population was selected for several reasons. The 2018-2019 101 

season is the latest year where estimates of both national levels of high school soccer 102 

participation and estimates of national high school soccer ACL injuries could be 103 

identified to calculate season annual incident rates of ACL injury. Using a specific 104 

season also allows for analysis at an average per athlete level and perform 105 

microsimulation of a single season to simulate annual total cost-benefit. While IPPs are 106 

effective at reducing lower extremity injuries in a variety of different cutting sports, the 107 

most robust evidence exists for soccer athletes. Male and female athletes were included 108 

because IPPs have been effective in both populations 6 and the values used for our IPP 109 

effectiveness measures were taken from studies of both male and female athletes. 110 

  111 

Model Parameters  112 

Probabilities  113 
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 6 

 Table 1 lists the parameters and values used in our models and sensitivity 114 

analyses. To get the probability of an ACL injury occurring, season annual ACL injury 115 

incidence rates were calculated using literature values that estimated total national 116 

soccer ACL injuries from a national high school sports-related injury surveillance system 117 

for the 2018-2019 season23. The number of ACL injuries for the 2018-2019 season was 118 

compared to the 10-year average using a paired t-test and was less but not significantly 119 

different (P=0.8433). Soccer participation statistics for the 2018-2019 from the National 120 

Federation of State High School Associations (NFHS) were used to calculate the 121 

season annual incidence rate of ACL injury in high school soccer athletes. Sensitivity 122 

analysis values for ACL incidence rate were calculated using the years with the least 123 

and most amount of estimated total national ACL injuries in the last 10 years23 and 124 

applied to the 2018-2019 soccer participation statistics24.  125 

[Insert Table 1 here] 126 

 127 

Because not all ACL injuries result in surgery despite this often being the 128 

preferred treatment option in a young, active population3, values from the literature for 129 

the proportion of ACL injuries that result in ACL surgery for high school soccer athletes 130 

were used for the probability of an ACL injury resulting in surgery. While some studies 131 

have found ACL injuries in adolescent soccer athletes are treated surgically upwards of 132 

80% of the time23,25,26, a conservative estimate of 75% was used as our base value. 133 

Given our health system perspective and the wide range of reported ACL surgical 134 

costs19, we stratified ACL treatment costs by payor type. 2019 census data for children 135 

(ages 6-18) was used to estimate the proportion of athletes that would be privately and 136 
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 7 

publicly insured27. Because the uninsured made up such a small proportion of children 137 

(1.68%) and because insurance coverage typically is a requirement for high school 138 

sports participation, uninsured children were excluded. Public insurance and private 139 

insurance covered 36.91% and 62.09% of children respectively27. Insurance type likely 140 

impacts the probability of receiving ACL surgery. In order to get a more conservative 141 

estimate of ACL surgeries, the risk ratio of undergoing ACL surgery was calculated 142 

using values from the literature comparing rates of ACL reconstruction between privately 143 

insured and publicly insured individuals ages 6-17 over a two-year span. A risk ratio of 144 

0.46 (54% reduction in the chance of getting surgery) was used to reduce the probability 145 

of receiving ACL reconstruction in individuals with public insurance15. For sensitivity 146 

analysis, risk ratio values of 0 and 1 were used to simulate changes in public insurance 147 

coverage where 0 would be no surgical treatment and 1 would be the same probability 148 

of ACL surgery as private insurance.    149 

 The values for the probability of an IPP preventing an ACL injury were taken from 150 

several systematic reviews on the efficacy of IPPs in similar populations to our study 151 

population. A conservative estimate of a 50% reduction in ACL injury incidence was 152 

used as the base model value despite systematic review estimates between 51-85%6-9.  153 

 154 

Costs  155 

The main costs in our model are the cost of IPP implementation and the cost of 156 

ACL surgical and conservative treatment. IPP implementation costs per athlete were 157 

taken from previous economic evaluations of IPPs that accounted for teaching 158 

materials, cost of training coaches, and cost of teaching athletes4,13,22. For the base 159 
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 8 

model value, Rössler et al., 2019’s methods for calculating costs for country wide 160 

implementation in Switzerland were adapted for a United States high school soccer 161 

population (calculations included in the appendix). The base model value was $11.81 162 

per player. For sensitivity analysis, an unadapted version of Rössler et al., 2019’s13 IPP 163 

costs per palyer and  a value from Swart et al., 20144 that is almost three times our 164 

base value that was calculated only using trained athletic trainers for teaching the IPP 165 

were used.  166 

Separate values for public and private insurance were used for the cost of ACL 167 

reconstruction. A base value of $4,342.38 was used for public insurance based on using 168 

80% of the average cost for ACL reconstruction from the Centers for Medicare & 169 

Medicaid Services (CMS) payment rates for outpatient hospitals and ambulatory 170 

surgical centers20. While there is variation in Medicaid payment rates by state, studies 171 

have reported using an 80%  Medicare payment rate to estimate Medicaid rates3,21. 172 

While the cost of ACL reconstruction has been reported as high as $52,00019, a base 173 

value of $15,046 was used for private insurance based on the average cost of ACL 174 

reconstruction from a study of a private insurance claims dataset2. For sensitivity 175 

analysis, a low value equal to public insurance was used.  176 

 For the cost of ACL rehabilitation, data from the American Physical Therapy 177 

Association on Medicaid reimbursement was used to get the average cost of $88 for an 178 

hour session of therapeutic exercise treatment18. While an average of 25 visits for ACL 179 

rehabilitation has been reported17, we used a conservative estimate of 20 visits for 180 

publicly insured patients to get a base value of $1,760. For private insurance, a base 181 

value of $2,549.96 was taken from the literature for 6 months of ACL rehabilitation post-182 
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 9 

ACL reconstruction16. This is likely a conservative estimate as previous studies have 183 

reported rehabilitation costs over $5,0002,3. The costs of ACL rehabilitation were used 184 

for calculating conservative treatment costs for athletes that do not undergo ACL 185 

reconstruction after ACL injury and added to the costs for patients that underwent ACL 186 

reconstruction as rehabilitation is expected as part of surgical treatment. For the low 187 

value of sensitivity analysis for both public and private insurance, a value of $0 was 188 

used to simulate a patient not seeking out rehabilitation services.  189 

All costs were adjusted to 2023 US dollars using the All Urban Consumer Price 190 

Index28. For IPP costs that were originally reported in Swiss Francs, a currency 191 

converter was used to report 2023 US dollars29. 192 

 193 

Analysis 194 

Cost-benefit was assessed through the calculation of return on investment (ROI) 195 

with IPP use accounting for all medical treatment costs (surgical treatment and 196 

conservative treatment costs) prevented and a more conservative model that only 197 

accounted for medical costs from surgical treatment that were prevented. The following 198 

equations were used to calculate ROI: 199 

 200 

𝑅𝑒𝑡𝑢𝑟𝑛 𝑜𝑛 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑡𝑜𝑡𝑎𝑙 𝑚𝑒𝑑𝑖𝑐𝑎𝑙 𝑐𝑜𝑠𝑡𝑠

=
𝑚𝑒𝑑𝑖𝑐𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 𝑝𝑟𝑒𝑣𝑒𝑛𝑡𝑒𝑑𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑣𝑒 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 +  𝑚𝑒𝑑𝑖𝑐𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 𝑝𝑟𝑒𝑣𝑒𝑛𝑡𝑒𝑑𝑠𝑢𝑟𝑔𝑖𝑐𝑎𝑙 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 

𝐼𝑃𝑃 𝑖𝑚𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡𝑠
  

 201 

𝑅𝑒𝑡𝑢𝑟𝑛 𝑜𝑛 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑠𝑢𝑟𝑔𝑖𝑐𝑎𝑙 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡𝑠 =
𝑚𝑒𝑑𝑖𝑐𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 𝑝𝑟𝑒𝑣𝑒𝑛𝑡𝑒𝑑𝑠𝑢𝑟𝑔𝑖𝑐𝑎𝑙 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 

𝐼𝑃𝑃 𝑖𝑚𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡𝑠
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 10 

 202 

 ROIs were calculated accounting for all payors, public payors only, and private 203 

payors only. When calculating ROIs separately by payor type, ROIs only account for 204 

medical costs prevented for that payor type and simulate if IPP implementation costs 205 

were fully funded by the specified payor type. IPP implementation costs were not 206 

proportioned by payor type because this is not realistic to an implementation scenario 207 

where teams receiving IPP implementation likely have a mix of soccer athletes of both 208 

payor types that cannot be separated. One-way and two-way sensitivity analyses were 209 

used to assess model uncertainty using incremental cost effectiveness ratios (ICERs) 210 

for key parameters like the risk ratio of ACL injury with IPP use, risk ratio of surgery with 211 

public insurance, cost of IPP implementation, and cost of ACL surgery for private 212 

payors. An ICER is equal to the change in cost with IPP implementation divided by the 213 

change in medical costs saved from IPP implementation compared to standard warm-214 

up use. Because medical costs saved is the effectiveness measure, the willingness to 215 

pay is $1 and an ICER of 1 represents a breakeven point where medical costs saved 216 

and IPP implementation costs are equal.  217 

In addition to ROI, need to treat values for preventing a single ACL injury for each 218 

payor type and all payors were calculated using the following equation adjusted for the 219 

payor type proportions:  220 

 221 

𝑛𝑒𝑒𝑑 𝑡𝑜 𝑡𝑟𝑒𝑎𝑡𝐴𝐶𝐿 𝑖𝑛𝑗𝑢𝑟𝑦 =
1

𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝑟𝑎𝑡𝑒𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑤𝑎𝑟𝑚−𝑢𝑝 − 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝑟𝑎𝑡𝑒𝐼𝑃𝑃 𝑢𝑠𝑒
 

 222 
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 11 

The upper and lower values for IPP risk ratios used in the sensitivity analysis were used 223 

to get confidence intervals. Per athlete costs were used to get the cost of preventing a 224 

single ACL injury. Calculations and decision tree analysis were conducted using 225 

TreeAge Pro Healthcare Version 2024 (TreeAge Software, Williamstown, 226 

Massachusetts).  227 

 228 

Results 229 

 IPP implementation had a ROI of $7.51 in medical costs prevented per dollar 230 

spent on IPP implementation in our all-payor model of all medical treatment costs 231 

(surgical and conservative treatment). For surgical treatment only in the all-payor model, 232 

$6.90 in medical costs were saved per dollar spent on IPP implementation. When 233 

running analysis for only private payors funding IPP implementation, both the overall 234 

model and conservative surgical treatment only model had profitable ROIs for private 235 

payors (see table 2 for results). However, when analyzing IPP implementation funded 236 

by public payors only, both the full model and conservative treatment model were below 237 

a breakeven point of a dollar saved in public payor medical costs for every public payor 238 

dollar spent on IPP implementation.  239 

[Insert Table 2 here] 240 

 241 

 Our microsimulation of national IPP implementation for the 2018-2019 soccer 242 

season involved 853,182 players randomly completing our model. Total IPP 243 

implementation costs were $10,076,079.42 for national-level implementation. Medical 244 

costs prevented were $9,383,381.42 for public payors and $67,212,334.02 for private 245 
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 12 

payors. The total net monetary benefit was $66,519,636.02. For medical costs related to 246 

only ACL injuries that received surgical treatment, the net monetary benefit was 247 

$60,240,609.64.  248 

 Because national implementation strategies are not likely to result in 100% 249 

successful adoption of IPPs, assessing uncertainty surrounding the reduction in relative 250 

risk with IPP use is critical. Figure 1 depicts the ICER for different risk ratio values with 251 

IPP use where the ICER is equal to the change in cost with IPP implementation divided 252 

by the change in medical costs saved from IPP implementation compared to standard 253 

warm-up use. An ICER of 1 represents a breakeven point where medical costs saved 254 

and IPP implementation costs are equal. A risk ratio of 0.93 or a 7% reduction in risk of 255 

ACL injury with IPP implementation is needed to breakeven. This is within even the 256 

highest confidence intervals calculated in systematic reviews of IPP effectiveness6-9,30.  257 

[Insert Figure 1 here] 258 

 259 

The two-way sensitivity analysis in figure 2 was used to evaluate risk ratios with 260 

IPP use and IPP implementation costs simultaneously. IPP implementation was the 261 

dominant strategy for all risk ratios below 0.80 (20% reduction in risk) even when IPP 262 

costs were set to an upper bound of almost 3 times our base value.  263 

[Insert Figure 2 here] 264 

 265 

 IPP implementation remained the dominant strategy at all values across both 266 

one-way and two-way sensitivity analyses of ACL reconstruction and rehabilitation costs 267 
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 13 

when set equal to public payors in both the full model and assessing private payors 268 

only.  269 

 The risk ratio for public payors receiving surgical treatment was evaluated using 270 

one-way sensitivity analysis to assess how increased access to surgical treatment may 271 

impact IPP effectiveness if funded by public payors only. A risk ratio of 0.55 (45% less 272 

chance of surgical treatment compared to private payors) was needed for public 273 

insurers alone to break even and is 0.09 greater than our base risk ratio value of 0.46.  274 

 Table 3 contains the results of calculating need to treat statistics for our own 275 

model as well as comparison values from the literature. Successful implementation of 276 

an IPP would be needed for 111 athletes to prevent a single ACL injury. The need to 277 

treat value from our model was similar to need to treat values that were adapted from 278 

existing literature that ranged from 70-133 treated athletes to prevent an ACL 279 

injury6,31,32. Using a value of $11.81 as the cost of IPP implementation per athlete, it 280 

would cost $1,312.22 to prevent an ACL injury when including all-payors. When 281 

assessing private payor type alone, the cost of treating enough athletes to prevent an 282 

ACL injury in a privately insured athlete was lower than the price of surgical and 283 

conservative treatment for private payors. For public payors, the cost of treating enough 284 

athletes to prevent an ACL injury in a publicly insured athlete was above conservative 285 

treatment costs but below surgical treatment costs. 286 

[Insert Table 3 here] 287 

 288 

Discussion  289 
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 14 

Our study compared the cost-benefit of national-level IPP implementation versus 290 

standard warm-up in preventing ACL injury-related medical costs from a health system 291 

perspective in high school soccer athletes. IPP implementation was consistently the 292 

preferred strategy in both full and more conservative surgical treatment only models as 293 

well as across several sensitivity analyses. However, when separated by payor type, 294 

IPP implementation was not profitable if only funded by public payors alone while it was 295 

profitable if only funded by private payors. The lower reimbursement rates of Medicaid, 296 

the smaller proportion of athletes with public insurance, and the reduced rate of surgical 297 

treatment for publicly insured athletes all contribute to a lower ROI for public payors. 298 

Sensitivity analysis of the risk ratio of publicly insured athletes receiving surgical 299 

treatment showed that an increase from a base value of 0.46 to 0.55 was enough for 300 

public payors to break even. Even with this increase in our risk ratio adjustment, publicly 301 

insured athletes are only receiving ACL surgery 41% of the time when suffering an ACL 302 

injury in our model. A limitation of this study is the lack of specific data on insurance type 303 

for high school soccer athletes and ACL reconstruction rates for high school soccer 304 

athletes by insurance type. The lack of accurate measures for this population may limit 305 

some interpretation by payor type especially for public payor results. For both the 306 

proportion of athletes by insurance type and the risk ratio of receiving surgical treatment 307 

based on insurance type were only available for the general population ages 6-17. 308 

Athletes are more likely to receive ACL reconstruction33, so the risk ratio measures of 309 

receiving surgical treatment may underestimate surgery rates in high school soccer 310 

athletes with public insurance. The consistent success of the all-payor models highlights 311 
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opportunities for public-private partnership that could benefit both parties as well as 312 

decrease the burden of ACL injury in high school soccer athletes.  313 

 Significant opportunity exists for healthcare cost savings and improved patient 314 

health using IPPs even when using conservative estimates. In a microsimulation of the 315 

2018-2019 high school soccer season, we found net monetary benefits of over $60 316 

million dollars with national-level IPP implementation. The focus on a narrow set of 317 

short-term costs, limited study population, and use of conservative estimates for a 318 

single type of injury all contribute to what is likely an underestimate of potential medical 319 

cost savings. IPPs have proven to be effective in other cutting sports besides soccer6. 320 

IPPs have also been effective in younger populations and varying skill levels30. 321 

Expanding IPP implementation to other sports participants can result in additional 322 

medical cost savings and may also result in reduced marginal implementation costs as 323 

coaches across different sports from the same school could be trained simultaneously.   324 

Our study likely underestimates the potential medical cost savings of using IPPs. 325 

The long-term burden of ACL injury and other lower extremity injuries prevented by IPPs 326 

were not accounted for. Future medical spending related to osteoarthritis3 and 327 

increased risk of additional ACL injury34 were also not included in our models. IPPs 328 

have been effective in preventing other lower extremity injuries11 and often are most 329 

effective at preventing the most severe injuries22. Adjusting for not all athletes receiving 330 

surgical treatment as well as using conservative base values for ACL injury incidence 331 

rate and reduced risk with IPP use also contribute to a more conservative approach 332 

compared to other US-based IPP models4. While our models do not account for high 333 

school soccer athletes that already use an IPP and therefore may overestimate the 334 
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 16 

potential benefits of IPP implementation, this is not likely to have a significant impact on 335 

results. Coaches have reported IPP use rates as low as 4.4%35 that would result in little 336 

change to estimates of medical cost savings.  337 

Sensitivity analysis highlights that IPPs can generate cost savings even when 338 

IPP implementation efforts are not fully successful. IPP compliance is a noted concern 339 

with IPP implementation and previous literature has highlighted barriers to 340 

implementation that exist at the implementor level10. In sensitivity analysis of the risk 341 

ratio of ACL injury with IPP use, only a 7% decrease in risk of ACL injury was needed for 342 

IPP implementation to break even. While there are limitations to accurately predicting 343 

implementation costs at a national level, two-way sensitivity analysis of IPP costs and 344 

risk ratios found that IPP implementation was still profitable with only a 20% decrease in 345 

risk of ACL injury and implementation costs almost 3 times as high as our base value. 346 

Given the relatively low risk ratio needed to break even and the much higher risk ratios 347 

reported in multiple systematic reviews6,7,9, there is good reason to believe scaling up 348 

IPP implementation can still be successful in generating medical cost savings without 349 

perfect compliance.  350 

Need to treat values show that medical cost savings can also be achieved at 351 

smaller scales. Using our model values, 111 athletes need to be treated to prevent an 352 

ACL injury. When accounting for the cost of IPP implementation, these values are below 353 

the cost of ACL surgical and conservative treatment for public and private payors. If the 354 

average soccer team has 20 players per team and both a men’s and women’s soccer 355 

team at a high school, medical cost savings could be achieved treating 6 teams or 3 356 

high schools. If a more conservative 20% reduction in ACL injury risk was used, about 357 
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 17 

14 teams or 7 schools would need to perform IPPs to prevent an ACL injury at a cost of 358 

$3,280.56. Given the patchwork of state and national sports and high school 359 

organizations, implementation efforts at the school district, county, and regional levels 360 

are likely more feasible while still capable of success based on our results. Smaller 361 

scale efforts may also be better suited for fostering co-creation and self-ownership of 362 

IPPs with coaches that can improve implementation36. Future studies should account for 363 

additional costs related to ACL and other injuries in the context of real-world application.  364 

We expect this study would inform IPP implementation efforts at organizational 365 

and policy levels that have previously been overlooked. The significant amount of 366 

medical cost savings available with IPP implementation in our conservative and 367 

constrained models illustrate an opportunity that demands real-world attempts at 368 

implementation. The inaugural meeting of the National ACL Injury Coalition recognized 369 

that a strategic priority in addressing the complexity of IPP implementation is uniting the 370 

variety of stakeholders involved (e.g. schools, sports clubs, parents, and coaches)1. 371 

Accounting for both public and private payors in our overall model and in separate 372 

models makes it apparent that third party payors especially have financial incentive to 373 

be involved and should be included as a stakeholder. Private insurance companies may 374 

be a viable route for accessing funding to expand implementation efforts. Recent 375 

actions by the National ACL Injury Coalition in developing goals for widespread IPP 376 

adoption1 and the United States Soccer Federation dedicating a webpage to ACL injury 377 

prevention37 are signs of progress. Efforts should continue to put in place policies that 378 

make IPP education a part of coaching licensure and to engage other relevant national 379 

stakeholders like the National Federation of State High School Associations and 380 
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National Athletic Trainers’ Association that can play a role in increasing implementation 381 

within their constituencies. Ultimately, efforts and application of knowledge from different 382 

stakeholders at various social-ecological levels are needed if widespread IPP adoption 383 

is going to be achieved.  384 

 385 

Conclusion 386 

 There is significant opportunity for medical cost savings when implementing IPPs 387 

at a national level in a high school soccer population with private payors having the 388 

most to gain. Implementation on a smaller scale is also likely to have a positive 389 

expected value when accounting for ACL treatment costs prevented and the cost of IPP 390 

implementation. Efforts should focus on increasing IPP adoption through more localized 391 

efforts as well as engaging organizational and policy stakeholders at higher levels.    392 

 393 
  394 
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Figure 1: One-way Sensitivity Analysis of Injury Prevention Program Risk Ratio 
Values  

  
 
 
a IPP= injury prevention program; ICER= incremental cost effectiveness ratio.  
b ICER below 1 is profitable. 
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Figure 2: Two-way Sensitivity Analysis of Injury Prevention Program Risk Ratio 
and Implementation Cost Values   
 

 
 
 
a IPP= injury prevention program.  
b Shaded regions signify the dominant strategy at intersection point of risk ratios with 
IPP use and IPP costs per athlete values  
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Table 1. Parameter Values and Sources for Economic Evaluation Models and Sensitivity 
Analysis  

 Research 
model 

Sensitivity analysis  
 

 
Parameter 

Base value Low value High value  
Sources 

Probabilities, proportions, and risk ratios 

ACL injury incidence 
rate per annual 
season 

 
0.018 

 
0.013 0.020 

Swart et al., 2014; 
Ngatuvai et al., 2022; 
Gupta et al., 2019;  

Probability of ACL 
reconstruction 

75% 75% 80% Joseph et al. 2013; 
Ngatuvai et al., 2022; 
Gupta et al., 2019 

 
 
 
Proportions of payor 
type 

 
36.91% 
public 
insurance 
 
62.09% 
private 
insurance 

 
0% public 
insurance 
 
 
0% private 
insurance 

 
100% public 
insurance 
 
 
100% private 
insurance 

 
US Census Bureau, 
2019 

 
 
Risk ratio of IPP 
program 

 
 

0.50 

 
 

0.15 

 
 

1 

Donnell-Fink et al., 
2015; Gagnier et al., 
2013; Huang et al., 
2020; Sadoghi et al., 
2012; Al Attar et al., 
2022 

 
Risk ratio of public 
insurance receiving 
ACL reconstruction 

 
0.46 

 
0 

 
1 

 
 
Solarczyk et al., 2023 

Costsb  

Cost of ACL 
reconstruction 

Private insurance: 
Public insurance: 

 
 

$15,046.57 
  $4,342.38 

 
 

$4,342.38 
$3,393.04 

 
 
$34,846.53 
  $5,291.70 

Herzog et al., 2017; 
Lee et al., 2022; 
Center for Medicaid & 
Medicare Services, 
2023; Mather et al., 
2013; Casper et al., 
2019 

 
Cost of ACL 
rehabilitation 

Private insurance: 
Public insurance: 

 
 

 
   $2,432.96 

$1,760.00 

 
 

 
$0 
$0 

 
 

 
$5,298.47 
$2,200.00 

 
Herzog et al., 2017; 
Zhang et al., 2015; 
Mather et al., 2013; 
Chava et al., 2022; 
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American Physical 
Therapy Association, 
2023; 

 
IPP Costs per player 

 
  $11.81 

 
   $5.42 

 
  $32.66 

 
Rössler et al., 2019; 
Swart et al., 2014; 
Krist et al., 2013 

a ACL= anterior cruciate ligament; IPP= injury prevention program. 
b Costs reported in 2023 US dollars. 
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Table 2. Return on Investment for Injury Prevention Program Implementation and Total Net 
Monetary Benefit for 2018-2019 High School Soccer Microsimulation by Payor Type 

  Public payor 
funded only 

Private payor 
funded only 

All payors 

ACL surgical and conservative treatment costsb 

 
 
 
Per player  
Model 

ROI calculation (all medical 
costs prevented 
insured by 
public payors)/ 
cost of IPP 
implementation 

(all medical costs 
prevented 
insured by private 
payors)/cost of 
IPP 
implementation 

(all medical 
costs 
prevented)/cost 
of IPP 
implementation 

 
ROI value 

 
                  $0.92 

 
                  $6.60 

 
                  $7.51 

2018-2019 
Microsimulation 
(853,182 high 
school soccer 
athletes) 
 

Treatment costs 
prevented 

  $9,383,381.42 $67,212,334.02 $76,595,715.44 

Total IPP 
implementation 
costs 
 

$10,076,079.42 $10,076,079.42 $10,076,079.42 

Net monetary 
benefit  

    -$692,698.00 $57,136,254.60 $66,519,636.02 

ACL surgical treatment costs onlyb 

 
 
 
 
Per player  
model 

ROI calculation (value of ACL 
surgeries 
prevented 
insured by 
public 
payors)/total 
cost of IPP 
implementation 

(value of ACL 
surgeries 
prevented 
insured by private 
payors)/total cost 
of IPP 
implementation 

(value of ACL 
surgeries 
prevented)/total 
cost of IPP 
implementation 

 
ROI value 

 
                 $0.59 

 
                  $6.30 

 
                  $6.90 

2018-2019 
Microsimulation 
(853,182 high 
school soccer 
athletes) 

Treatment costs 
prevented  

  $5,852,182.42 $64,464,506.64 $70,316,689.06 

Total IPP 
implementation 
costs 
 

 
$10,076,079.42 

 
$10,076,079.42 

 
$10,076,079.42 

Net monetary 
benefit 

 -$4,223,897.00 $54,388,427.22 $60,240,609.64 

a ACL= anterior cruciate ligament; ROI= return on investment; IPP= Injury prevention program. 
b Reported in 2023 US dollars. 
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Table 3: Need to Treat and Associated Costs From 2018-2019 National Model and Literature 
Values  

 Number of athletes 
needed to treat to prevent 
an ACL injury 

IPP implementation costs to 
prevent an ACL injuryb 

2018/2019 national model: 
all payorc 

111 (65,278)  $1312.22 (771.90,3280.56) 

2018/2019 national model: 
public insurancec 

301 (177,753)  $3555.19 (2091.29,8887.99) 

2018/2019 national model: 
private insurancec 

176 (104,440)  $2079.92 (1223.48,5199.80) 

Sadoghi et al., 2012   70 (38,187)    $826.70 (448.78,2208.47) 

Sugimoto et al., 2012d 120 (74,316)  $1417.20 (873.94,3731.96) 

Pfile & Curioz, 2017d 133 (96,217)  $1570.73 (1133.76,2562.77) 
a ACL= anterior cruciate ligament; IPP= injury prevention program. 
b Reported 2023 US dollars. 
c Confidence intervals produced using sensitivity analysis values for IPP risk ratios, lower bound= 
0.15, upper bound=0.80. 
d Need to treat numbers come from studies that only include female participants. 
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Appendix: Decision Tree Used to Model Injury Prevention Program Implementation Versus Standard Warm-up 

 
a IPP= injury prevention program; ACL= anterior cruciate ligament; prob_public= probability of having public insurance; 
prob_ACL_injury= incidence rate of ACL injury; rr_IPP= risk ratio for ACL injury with IPP use; prob_ACL_surgery= the 
probability of an ACL injury undergoing surgical treatment; rr_public= risk ratio for receiving ACL surgery for someone who 
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has public insurance; IPP_cost= cost of national IPP implementation per athlete; cost_ACL_surgery_private= cost of ACL 
reconstruction for private payors; cost_ACL_surgery_public= cost of ACL reconstruction for public payors; 
cost_rehab_private= cost of ACL rehabilitation for private payors; cost_rehab_public= cost of ACL rehabilitation for public 
payors; athlete_surgery= athlete who sustains an ACL injury and receives surgical treatment; athlete_no_surgery= athlete 
who sustains an ACL injury and receives conservative treatment; athlete_no_injury= athlete who does not sustain an ACL 
injury 
b Because the effectiveness outcome is dollars spent on ACL treatment, effectiveness measures were inverted to reflect 
increased medical spending on ACL treatment as a negative outcome.  
 
 
 
 
 
Adaptation of Rössler et al., 2019’s Methods for Countrywide Injury Prevention Program Implementation in the 
United States for the 2018-2019 High School Soccer Season 
Items Per unit cost (unit) Total cost per 

year 
Total cost per 
player-year 

Materials/delivery (2 for each coach) $10.92 (school)    $269,276.28 $0.32 
Website (development and maintenance per year)  $21,580 (3 websites 

for relevant 
stakeholders: NFHS, 
US soccer, NATA) 

     $64,740.00 $0.07 

Opportunity costs (3.5 hours for instruction and travel X 
$15 minimum wage X 2 for each coach) 

$105 (school)  $2,589,195.00 $3.03 

Salary for course instructors ($30 salary x 3.5 hours x 
number of schools X 2 instructors) 

$210 (school)  $5,178,390.00 $6.07 

Food and drink for a course (4 people X $20 X number of 
schools) 

$80 (school)  $1,972,720.00 $2.31 

   
$11.81 

a Costs reported in 2023 US dollars 
b 853,182 high school soccer player; 24,659 high schools with soccer teams (NFHS, 2023). 
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