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

the United States

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

burden in high school athletes. Despite evidence showing Iower%ty injury

prevention programs (IPPs) are effective at preventing AC{ , IFPs lack widespread

L 2
adoption. \

Objective

Compare the cost-benefit of |mplementat| n injury prevention program versus
standard warm-up in a national hlg er population using a health system
perspective.

Design

Cost Benefit Analy,

Setting

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

Patients or Other Participants

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

Main Outcome Measure
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Return on investment was calculated using the cost of ACL treatment prevented with
IPP use and the cost of IPP implementation.

Results

IPP implementation was the preferred strategy with a return on investment of $7.51
saved in ACL treatment costs prevented for every dollar spent on IPP implementation in
our full model. When separating analysis by insurance type, private payors continued to
show profitability while public payors failed to break even. The total net monetary benefit

was over $60 million when simulating national-level IPP impleme\ion.

Conclusions
L 2
IPP implementation has the potential to generate nifN dical cost savings in

short-term ACL treatment costs, especially for pri payors, when implemented in a
national high school soccer population. Thzcted cost-benefit of IPPs should

encourage broader implementation e
L 4

stakeholders. \\
Key Words

Economic evaluati ﬁo fit analysis; return on investment; anterior cruciate
D

e inclusion of economically relevant

ligament injury; inj eyention program
Key Points
e Nationwide IPP implementation had a profitable return on investment in our full
model and model that accounted for only private payors.

e The net monetary benefit of nationwide IPP implementation was over $60 million.
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Introduction

Anterior cruciate ligament (ACL) tears are a major health burden as incident
rates continue to increase with high school-age athletes being at increased risk!. ACL
tears result in costly surgical reconstruction and rehabilitation treatment? and estimates
of ACL tear lifetime burden in the United States range from $7.6 billion to $17.7 billion>.

Evidence suggests lower extremity injury prevention programs (IPPs) could help
mitigate the burden of ACL injuries®. IPPs are multicomponent training programs often
used in place of a warm-up that utilize a combination of strengthMetrics, agility,
and flexibility exercises along with feedback on moveTent % to decrease the
risk of injury®. Studies have found that IPPs redu isk\&tears in athletes by 51-
85%°°. Despite overwhelming evidence that IPPS®%€n significantly reduce ACL tears in
adolescent athletes, widespread adoption s has not occurred'®. Coaches play a
key role in IPP implementation and e z

L 2
of IPPs '°. Coaches have citex rganizational and administrative support and

ocused on addressing their perception

education as barriers to im IPPs and recommended policy changes to

incorporate IPP ing int)coaching education and licensure™. Despite these

recommendations, earch exists predicated towards organizational and policy
stakeholders who could make these changes. There have been recent efforts to unify
different stakeholders in supporting systems-level change in IPP implementation’, but
the alignment of financial incentives to support implementation efforts still remain
unclear.

Economic evaluations quantify the costs and consequences of specific

interventions to provide payors, policymakers, and providers the necessary information
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to adopt implementation strategies'?. Economic evaluation analyses of IPPs have been
conducted in other countries' and found nationwide IPP campaigns can have positive
economic impacts'®. Given the significant differences in healthcare systems between
the United States and other countries, economic evaluation specific to a United States
context is necessary to understand the cost-benefit of IPPs. According to our search
only a single cost-effectiveness analysis for an ACL IPP has been conducted in the
United States®. The aim of this study is to compare the cost-benefit of
implementation of an IPP versus standard warm-up at a natMvel using a

*

health system perspective in a high school soccer popsl e hypothesize that
national-level implementation of IPPs will be the f ore&

y. We expect this

current study can inform resource allocation and IRgentive structure for policymakers

and stakeholders to advance IPP impIeme@.
Methods \\
Study Design

The study d

t-benefit analysis of national level implementation of a
lower extremity IPP g’standard warm-up on ACL treatment costs. Because
implementation is being simulated at a national-level and there are many external
factors that cannot be accounted for, a conservative approach was taken in both the
selection of study perspective, parameters, model restrictions, and use of robust
sensitivity analysis. Analysis was restricted to ACL-related treatment costs from a health

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

inform what stakeholders may be involved in implementation based on the alignment of
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financial incentives, analysis was restricted to public and private payors in addition to
performing full model analysis including both payor types. The figure in the appendix
depicts the decision tree model used to evaluate IPP implementation versus standard
warm-up. Because we are evaluating the prevention of costs related to adverse health
events, effectiveness measures were inverted when assessing cost-benefit in the model

(lower treatment costs are preferred).

Study Population and Model Design \
Our reference case uses United States high sc’hoo @vletes from the

I
2018-2019 season. This population was selected §8r seVeralggasons. The 2018-2019
season is the latest year where estimates of both'R@tional levels of high school soccer
participation and estimates of national hig ol soccer ACL injuries could be
&

identified to calculate season annual j
L 2
season also allows for analys\ rage per athlete level and perform

microsimulation of a single N4 simulate annual total cost-benefit. While IPPs are

O
s
C AY|Q

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

s of ACL injury. Using a specific

effective at reduci mity injuries in a variety of different cutting sports, the

most robust eviden for soccer athletes. Male and female athletes were included

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

Model Parameters

Probabilities
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Table 1 lists the parameters and values used in our models and sensitivity
analyses. To get the probability of an ACL injury occurring, season annual ACL injury
incidence rates were calculated using literature values that estimated total national
soccer ACL injuries from a national high school sports-related injury surveillance system
for the 2018-2019 season®. The number of ACL injuries for the 2018-2019 season was
compared to the 10-year average using a paired t-test and was less but not significantly
different (P=0.8433). Soccer participation statistics for the 2018-2019 from the National
Federation of State High School Associations (NFHS) were useMUIate the
season annual incidence rate of ACL injury in high sciool athletes. Sensitivity
analysis values for ACL incidence rate were calcujéted \i&xe years with the least
and most amount of estimated total national ACL ries in the last 10 years® and
applied to the 2018-2019 soccer panicipamisticsz“.

here]

[In
0\
Because not all ACL \sult in surgery despite this often being the
.
‘ o

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

preferred treatme oung, active population®, values from the literature for

the proportion of A s that result in ACL surgery for high school soccer athletes
have found ACL injuries in adolescent soccer athletes are treated surgically upwards of
80% of the time*?°>% a conservative estimate of 75% was used as our base value.
Given our health system perspective and the wide range of reported ACL surgical
costs'®, we stratified ACL treatment costs by payor type. 2019 census data for children

(ages 6-18) was used to estimate the proportion of athletes that would be privately and
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publicly insured®’. Because the uninsured made up such a small proportion of children
(1.68%) and because insurance coverage typically is a requirement for high school
sports participation, uninsured children were excluded. Public insurance and private
insurance covered 36.91% and 62.09% of children respectively?’. Insurance type likely
impacts the probability of receiving ACL surgery. In order to get a more conservative
estimate of ACL surgeries, the risk ratio of undergoing ACL surgery was calculated

using values from the literature comparing rates of ACL reconstruction between privately
insured and publicly insured individuals ages 6-17 over a two-ye an. Arisk ratio of
0.46 (54% reduction in the chance of getting surgery)’was %duce the probability
of receiving ACL reconstruction in individuals wit bli\&nce”’. For sensitivity
analysis, risk ratio values of 0 and 1 were used toSitnhulate changes in public insurance
coverage where 0 would be no surgical trt@t and 1 would be the same probability

of ACL surgery as private insurance.
L 2
The values for the protxc: IPP preventing an ACL injury were taken from

several systematic reviews icacy of IPPs in similar populations to our study

population. A cons

used as the base

Costs

The main costs in our model are the cost of IPP implementation and the cost of
ACL surgical and conservative treatment. IPP implementation costs per athlete were
taken from previous economic evaluations of IPPs that accounted for teaching

materials, cost of training coaches, and cost of teaching athletes*'*??. For the base
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model value, Rossler et al., 2019’s methods for calculating costs for country wide
implementation in Switzerland were adapted for a United States high school soccer
population (calculations included in the appendix). The base model value was $11.81
per player. For sensitivity analysis, an unadapted version of Rdssler et al., 2019's™ IPP
costs per palyer and a value from Swart et al., 2014* that is almost three times our
base value that was calculated only using trained athletic trainers for teaching the IPP
were used.

Separate values for public and private insurance were us%e cost of ACL

*

reconstruction. A base value of $4,342.38 was used for puplicifSui@gnce based on using
80% of the average cost for ACL reconstruction ft th&

rs for Medicare &
Medicaid Services (CMS) payment rates for outpa@€nt hospitals and ambulatory

surgical centers®’. While there is variation j dicaid payment rates by state, studies

have reported using an 80% Medica rate to estimate Medicaid rates®?'.

2
been reported as high as $52,000", a base

While the cost of ACL recons t\
value of $15,046 was used jvate insurance based on the average cost of ACL

reconstruction fro

private insurance claims dataset?. For sensitivity
analysis, a low val to public insurance was used.

For the cost of ACL rehabilitation, data from the American Physical Therapy
Association on Medicaid reimbursement was used to get the average cost of $88 for an
hour session of therapeutic exercise treatment'®. While an average of 25 visits for ACL
rehabilitation has been reported’’, we used a conservative estimate of 20 visits for
publicly insured patients to get a base value of $1,760. For private insurance, a base

value of $2,549.96 was taken from the literature for 6 months of ACL rehabilitation post-
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ACL reconstruction'. This is likely a conservative estimate as previous studies have
reported rehabilitation costs over $5,000%>. The costs of ACL rehabilitation were used
for calculating conservative treatment costs for athletes that do not undergo ACL
reconstruction after ACL injury and added to the costs for patients that underwent ACL
reconstruction as rehabilitation is expected as part of surgical treatment. For the low
value of sensitivity analysis for both public and private insurance, a value of $0 was
used to simulate a patient not seeking out rehabilitation services.

All costs were adjusted to 2023 US dollars using the All UM)nsumer Price
Index?®. For IPP costs that were originally reported in’SwisK csya currency

converter was used to report 2023 US dollars®. \

Analysis Q
Cost-benefit was assessed thr Iculation of return on investment (ROI)

L 2
with IPP use accounting for a\a eatment costs (surgical treatment and

conservative treatment cos ted and a more conservative model that only

accounted for med surgical treatment that were prevented. The following

equations were use ulate ROI:

Return on investment;ytai medical costs

medical costs prevented onservative treatment + Medical costs preventedg,,gical treatment

IPP implementation costs

medical costs preventedsyrgical treatment

Return on investmentsrgical treatment costs = IPP implementation costs
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ROls were calculated accounting for all payors, public payors only, and private
payors only. When calculating ROls separately by payor type, ROls only account for
medical costs prevented for that payor type and simulate if IPP implementation costs
were fully funded by the specified payor type. IPP implementation costs were not
proportioned by payor type because this is not realistic to an implementation scenario
where teams receiving IPP implementation likely have a mix of soccer athletes of both
payor types that cannot be separated. One-way and two-way seManalyses were
used to assess model uncertainty using incremental cost ss ratios (ICERs)
for key parameters like the risk ratio of ACL injury¥ith F\ risk ratio of surgery with
public insurance, cost of IPP implementation, an st of ACL surgery for private

payors. An ICER is equal to the change in ith IPP implementation divided by the

change in medical costs saved from |

L 2
the effectiveness measure, the willingness to

up use. Because medical COSX\
pay is $1 and an ICER of 1 s a breakeven point where medical costs saved

@

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

ntation compared to standard warm-

and IPP implemen 5tSWgre equal.

In addition t eed to treat values for preventing a single ACL injury for each

payor type proportions:

1

incidence ratesianaard warm-up — ncidence rate;pp yse

need to treatycy, injury =
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The upper and lower values for IPP risk ratios used in the sensitivity analysis were used
to get confidence intervals. Per athlete costs were used to get the cost of preventing a
single ACL injury. Calculations and decision tree analysis were conducted using

TreeAge Pro Healthcare Version 2024 (TreeAge Software, Williamstown,

Massachusetts).
Results

IPP implementation had a ROI of $7.51 in medical costs &nted per dollar
spent on IPP implementation in our all-payor model oiall @atment costs

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

$6.90 in medical costs were saved per dollar spe§on IPP implementation. When

running analysis for only private payors fu%ll:’P implementation, both the overall
t

odel had profitable ROlIs for private

model and conservative surgical trea
L 2
payors (see table 2 for result & when analyzing IPP implementation funded
I

by public payors only, both

ﬁ‘ ved in public payor medical costs for every public payor
pplegientation.

[Insert Table 2 here]

del and conservative treatment model were below

a breakeven point

dollar spent on IPP

Our microsimulation of national IPP implementation for the 2018-2019 soccer
season involved 853,182 players randomly completing our model. Total IPP
implementation costs were $10,076,079.42 for national-level implementation. Medical

costs prevented were $9,383,381.42 for public payors and $67,212,334.02 for private
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payors. The total net monetary benefit was $66,519,636.02. For medical costs related to
only ACL injuries that received surgical treatment, the net monetary benefit was
$60,240,609.64.

Because national implementation strategies are not likely to result in 100%
successful adoption of IPPs, assessing uncertainty surrounding the reduction in relative
risk with IPP use is critical. Figure 1 depicts the ICER for different risk ratio values with
IPP use where the ICER is equal to the change in cost with IPP implementation divided
by the change in medical costs saved from IPP implementation Mzd to standard

*

warm-up use. An ICER of 1 represents a breakeven point ical costs saved
and IPP implementation costs are equal. A risk rati® of N

7% reduction in risk of

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

highest confidence intervals calculated in atic reviews of IPP effectiveness®®°.
%,

here]

[Ins
0\
The two-way sensiti \is in figure 2 was used to evaluate risk ratios with

IPP use and IPP i a costs simultaneously. IPP implementation was the

dominant strategy 18 ratios below 0.80 (20% reduction in risk) even when IPP
costs were set to an upper bound of almost 3 times our base value.

[Insert Figure 2 here]

IPP implementation remained the dominant strategy at all values across both

one-way and two-way sensitivity analyses of ACL reconstruction and rehabilitation costs
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when set equal to public payors in both the full model and assessing private payors
only.

The risk ratio for public payors receiving surgical treatment was evaluated using
one-way sensitivity analysis to assess how increased access to surgical treatment may
impact IPP effectiveness if funded by public payors only. A risk ratio of 0.55 (45% less
chance of surgical treatment compared to private payors) was needed for public
insurers alone to break even and is 0.09 greater than our base risk ratio value of 0.46.

Table 3 contains the results of calculating need to treat st%‘or our own

L 2
an IPP would be needed for 111 athletes to prevegta SM L injury. The need to

model as well as comparison values from the literature. S& uldmplementation of
treat value from our model was similar to need to t values that were adapted from
existing literature that ranged from 70-133@1 athletes to prevent an ACL

injury®®"32. Using a value of $11.81 a
\ 4
would cost $1,312.22 to prev\h injury when including all-payors. When
e

assessing private payor ty Whe cost of treating enough athletes to prevent an

f IPP implementation per athlete, it

ACL injury in a pri athlete was lower than the price of surgical and

conservative treat i ih private payors. For public payors, the cost of treating enough
athletes to prevent an ACL injury in a publicly insured athlete was above conservative
treatment costs but below surgical treatment costs.

[Insert Table 3 here]

Discussion
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Our study compared the cost-benefit of national-level IPP implementation versus
standard warm-up in preventing ACL injury-related medical costs from a health system
perspective in high school soccer athletes. IPP implementation was consistently the
preferred strategy in both full and more conservative surgical treatment only models as
well as across several sensitivity analyses. However, when separated by payor type,
IPP implementation was not profitable if only funded by public payors alone while it was
profitable if only funded by private payors. The lower reimbursement rates of Medicaid,
the smaller proportion of athletes with public insurance, and the M rate of surgical

*

treatment for publicly insured athletes all contribute to a lo r public payors.
Sensitivity analysis of the risk ratio of publicly insyuged a\&r

eceiving surgical
treatment showed that an increase from a base v of 0.46 to 0.55 was enough for
public payors to break even. Even with thizse in our risk ratio adjustment, publicly

insured athletes are only receiving A
\ 4
injury in our model. A Iimitatiox dy is the lack of specific data on insurance type

1% of the time when suffering an ACL

for high school soccer athl

% lack of accurate measures for this population may limit
payor type especially for public payor results. For both the

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

CL reconstruction rates for high school soccer

athletes by insura

based on insurance type were only available for the general population ages 6-17.
Athletes are more likely to receive ACL reconstruction®?, so the risk ratio measures of
receiving surgical treatment may underestimate surgery rates in high school soccer

athletes with public insurance. The consistent success of the all-payor models highlights
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opportunities for public-private partnership that could benefit both parties as well as
decrease the burden of ACL injury in high school soccer athletes.

Significant opportunity exists for healthcare cost savings and improved patient
health using IPPs even when using conservative estimates. In a microsimulation of the
2018-2019 high school soccer season, we found net monetary benefits of over $60
million dollars with national-level IPP implementation. The focus on a narrow set of
short-term costs, limited study population, and use of conservative estimates for a
single type of injury all contribute to what is likely an underestim f potential medical
cost savings. IPPs have proven to be effective in othe’r cutti @ besides soccer®.
IPPs have also been effective in younger populatighs a &ng skill levels®.
Expanding IPP implementation to other sports pa ants can result in additional
medical cost savings and may also result med marginal implementation costs as

coaches across different sports from
\ 4
Our study likely underex e potential medical cost savings of using IPPs.

The long-term burden of A

hool could be trained simultaneously.

nd other lower extremity injuries prevented by IPPs

were not accounte edical spending related to osteoarthritis® and

increased risk of ad ACL injury®* were also not included in our models. IPPs
have been effective in preventing other lower extremity injuries’' and often are most
effective at preventing the most severe injuries®. Adjusting for not all athletes receiving
surgical treatment as well as using conservative base values for ACL injury incidence
rate and reduced risk with IPP use also contribute to a more conservative approach

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

school soccer athletes that already use an IPP and therefore may overestimate the
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potential benefits of IPP implementation, this is not likely to have a significant impact on
results. Coaches have reported IPP use rates as low as 4.4%>° that would result in little
change to estimates of medical cost savings.

Sensitivity analysis highlights that IPPs can generate cost savings even when
IPP implementation efforts are not fully successful. IPP compliance is a noted concern
with IPP implementation and previous literature has highlighted barriers to
implementation that exist at the implementor level ™. In sensitivity analysis of the risk

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

IPP implementation to break even. While there are limitati rately predicting

implementation costs at a national level, two-way nsiN alysis of IPP costs and
risk ratios found that IPP implementation was stil fitable with only a 20% decrease in

risk of ACL injury and implementation cost@t 3 times as high as our base value.
0

Given the relatively low risk ratio nee
L 2
reported in multiple systematix "9 there is good reason to believe scaling up

IPP implementation can stil

even and the much higher risk ratios

ssful in generating medical cost savings without
perfect complianc

Need to trea show that medical cost savings can also be achieved at
smaller scales. Using our model values, 111 athletes need to be treated to prevent an
ACL injury. When accounting for the cost of IPP implementation, these values are below
the cost of ACL surgical and conservative treatment for public and private payors. If the
average soccer team has 20 players per team and both a men’s and women’s soccer
team at a high school, medical cost savings could be achieved treating 6 teams or 3

high schools. If a more conservative 20% reduction in ACL injury risk was used, about
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14 teams or 7 schools would need to perform IPPs to prevent an ACL injury at a cost of
$3,280.56. Given the patchwork of state and national sports and high school
organizations, implementation efforts at the school district, county, and regional levels
are likely more feasible while still capable of success based on our results. Smaller
scale efforts may also be better suited for fostering co-creation and self-ownership of
IPPs with coaches that can improve implementation®. Future studies should account for
additional costs related to ACL and other injuries in the context of real-world application.
We expect this study would inform IPP implementation eﬁ&organizational

*

and policy levels that have previously been overlooked. T Igant amount of
medical cost savings available with IPP impleme ion\

onservative and

constrained models illustrate an opportunity that ands real-world attempts at

implementation. The inaugural meeting of tional ACL Injury Coalition recognized
&

that a strategic priority in addressing
L 2
variety of stakeholders inVOIVX ools, sports clubs, parents, and coaches)1.

Accounting for both public

ity of IPP implementation is uniting the

payors in our overall model and in separate

models makes it ag ird party payors especially have financial incentive to

D
be involved and sh ncluded as a stakeholder. Private insurance companies may
be a viable route for accessing funding to expand implementation efforts. Recent
actions by the National ACL Injury Coalition in developing goals for widespread IPP
adoption’ and the United States Soccer Federation dedicating a webpage to ACL injury
prevention37 are signs of progress. Efforts should continue to put in place policies that

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

stakeholders like the National Federation of State High School Associations and
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National Athletic Trainers’ Association that can play a role in increasing implementation
within their constituencies. Ultimately, efforts and application of knowledge from different
stakeholders at various social-ecological levels are needed if widespread IPP adoption

is going to be achieved.

Conclusion
There is significant opportunity for medical cost savings when implementing IPPs
at a national level in a high school soccer population with private% having the

¢

most to gain. Implementation on a smaller scale is also lik ayJe a positive
expected value when accounting for ACL treatme cos\

nted and the cost of IPP
implementation. Efforts should focus on increasin P adoption through more localized

efforts as well as engaging organizational @Iicy stakeholders at higher levels.

¢

N
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Figure 1: One-way Sensitivity Analysis of Injury Prevention Program Risk Ratio
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IPP costs per athlete

Figure 2: Two-way Sensitivity Analysis of Injury Prevention Program Risk Ratio
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Table 1. Parameter Values and Sources for Economic Evaluation Models and Sensitivity

Analysis

Research Sensitivity analysis

model

Base value Low value High value
Parameter Sources
Probabilities, proportions, and risk ratios
ACL injury incidence Swart et al., 2014;
rate per annual 0.018 0.013 0.020 Ngatuvai et al., 2022;
season Gupta et al., 2019;
Probability of ACL 75% 75% 80% Joseph et al. 2013;

reconstruction

Ngatuvai et al., 2022;

%&t al., 2019
sus Bureau,

36.91% 0% public 100% publi
public insurance insuran 2019
Proportions of payor insurance ¢
type
62.09% 0% private % private
private insurance urance
insurance
Donnell-Fink et al.,
2015; Gagnier et al.,
Risk ratio of IPP * 2013; Huang et al.,
program 0. \ 0.15 1 2020; Sadoghi et al.,
2012; Al Attar et al.,
2022
Risk ratio of public
insurance receiving 46 0 1 Solarczyk et al., 2023
ACL reconstruction
Costs®
Cost of ACL Herzog et al., 2017;
reconstruction Lee et al., 2022;
Private insurance:  $15,046.57 $4,342.38 $34,846.53 Center for Medicaid &
Public insurance: $4,342.38 $3,393.04 $5,291.70 Medicare Services,
2023; Mather et al.,
2013; Casper et al.,
2019
Cost of ACL Herzog et al., 2017,
rehabilitation Zhang et al., 2015;
Private insurance:  $2,432.96 SO $5,298.47  Mather et al., 2013;
Publicinsurance:  $1,760.00 SO $2,200.00 Chava et al., 2022;

$S900E 981J BIA / 1-90-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



American Physical
Therapy Association,
2023;

Rossler et al., 2019;
IPP Costs per player $11.81 $5.42 $32.66 Swart et al., 2014;
Krist et al., 2013

@ ACL= anterior cruciate ligament; IPP= injury prevention program.
® Costs reported in 2023 US dollars.

X\
.\@J

%,
N\
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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 Private payor All payors
funded only funded only
ACL surgical and conservative treatment costs”
ROI calculation  (all medical (all medical costs  (all medical
costs prevented prevented costs
insured by insured by private prevented)/cost
Per player public payors)/  payors)/cost of of IPP
Model cost of IPP IPP implementation
implementation implementation
ROl value $0.92 S6 $7.51
2018-2019 | Treatmentcosts  ¢g 393 38142 $67,212,3 &76,595,715.44
Microsimulation | prevented
(853,182 high Total IPP

school soccer
athletes)

implementation
costs

Net monetary
benefit

$10,076,079.42

-$692,698.00

*

1& 9.42

57,136,254.60

$10,076,079.42

$66,519,636.02

ACL surgical treatment costs only®

ROI calculation (value of ACL (value of ACL
surgeries surgeries
prevented prevented)/total
insured by private cost of IPP

Per player payors)/total cost implementation
model payors)/total of IPP

cost of IPP implementation

implementation

ROl value $0.59 $6.30 $6.90

2018-2019 ) Treatment costs o oo) 197 42 $64,464,506.64  $70,316,689.06
Microsimulation | prevented
(853,182 high Total IPP

school soccer
athletes)

implementation
costs

Net monetary
benefit

$10,076,079.42

-$4,223,897.00

$10,076,079.42

$54,388,427.22

$10,076,079.42

$60,240,609.64

@ 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 IPP implementation costs to
needed to treat to prevent | prevent an ACL injuryb
an ACL injury
2018/2019 national model: | 111 (65,278) $1312.22 (771.90,3280.56)
all payor®
2018/2019 national model: | 301 (177,753) $3555.19 (2091.29,8887.99)
public insurance®
2018/2019 national model: | 176 (104,440) $2079.92 (1223.48,5199.80)
private insurance®
Sadoghi et al., 2012 70 (38,187) $826.70 (448.78,2208.47)
Sugimoto et al., 2012° 120 (74,316) $1417.20 .94,3731.96)
Pfile & Curioz, 2017° 133 (96,217) $1570.73 .76,2562.77)

® ACL= anterior cruciate ligament; IPP= injury prevention program.
b Reported 2023 US dollars.

¢ Confidence intervals produced using sensitivity analysi vg S IPPrisk ratios, lower bound=
0.15, upper bound=0.80.
9 Need to treat numbers come from studies that oni e female participants.

%,
N\
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Appendix: Decision Tree Used to Model Injury Prevention Program Implementation Versus Standard Warm-up

Surgery

ACL injury prob_ACL_surgery*rr_public

: prob_ACL_injury*rr_IPP No surgery
Public Insurance
1-prob_ACL_surgery*rr_public
prob_public o
no ACL injury
1-prob_ACL_ *rr_IPP

IPP implementation
Surgery

AL i prob_ACL_surgery
i ACL_injury*rr_IPP No surgery
Private Insurance

1-prob_ACL_surgery

1-prob_public
no ACL injury

A

2019/2018 soccer

1-prob_ACL_injury*rr_IPP
season

Surgery

ACL injury prob_ACL_surgery*rr_public
prob_ACL_injury No surgery 4

1-prob_ACL_surgery*rr_public

no ACL injury
1-prob_ACL_injury
Standard warm-up !
Surgery
ACL injury prob_ACL_surgery
. prob_ACL_injury No Surgery
Private Insurance
1-prob_ACL_surgery
1-prob_public N
no ACL injury

1-prob_ACL_injury

a|PP= 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. ’\

.\{c

Adaptation of Rossler et al., 2019’s Methods for Countrywide ry Prevention Program Implementation in the
United States for the 2018-2019 High School Soccer Season

ltems unit cost (unit) Total cost per Total cost per
year player-year

Materials/delivery (2 for each coach) .92 (school) $269,276.28 $0.32

Website (development and maintenance per year) $21,580 (3 websites $64,740.00 $0.07

for relevant
stakeholders: NFHS,
US soccer, NATA)

Opportunity costs (3.5 hours for instrugtion® avel X $105 (school) $2,589,195.00 $3.03
$15 minimum wage X 2 for each ¢ %
Salary for course instructors ($30 $& 5 hours x $210 (school) $5,178,390.00 $6.07
number of schools X 2 instructors)
Food and drink for a course (4 people X $20 X number of | $80 (school) $1,972,720.00 $2.31
schools)

$11.81

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