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Overview 
 NBHA, in collaboration with the Research Triangle Institute and University of Alabama-Birmingham, has 
developed an interactive calculator, the Fracture Liaison Service Return on Investment Calculator, to help FLS champions 
make the business case for adoption to providers, payers and practitioners.  The Calculator provides estimates for the 
potential costs and revenues as well as the potential impact on fracture outcomes of Medicare patients age 65 and up 
associated with implementing an FLS in a facility or medical practice. Estimates from the calculator are based on results 
from statistical models of a large sample of Medicare patients. The calculator is prepopulated with a number of default 
input parameters from peer-reviewed literature, other public sources, and developer assumptions.  However, the user 
can—and should—modify these default values with local parameter estimates, updated literature estimates and expert 
opinion when they are available.  

 The calculator is a Microsoft Excel macro-enabled workbook and is available on the Fracture Prevention 
CENTRAL website. The purpose of this guide is to illustrate how to use the calculator:  inputting data into the calculator, 
understanding how statistical interact with user inputs to generate output, interpreting the output generated by the 
calculator, and discussing the limitations of the calculator in the current form.  

Inputs to the Calculator 
 Upon downloading and opening the calculator workbook, Microsoft Excel will ask you to confirm that the active 
content in the workbook is safe. Please click the “Enable Content” button at the very top of the excel window, indicated 
by a red arrow in the image below. The security warning bar will disappear when the button is clicked. Next, make sure 
you are on the “Inputs” tab, and enter a name to represent the facility or practice for which you are analyzing a 
potential FLS. In the image below, we have entered “Sample Hospital.” 

 

FLS Caseload 
The first data entry section asks you to describe the potential caseload faced by your FLS, which is a function of 

fragility fractures treated in your facility or practice. The purpose of this exercise is to project fragility fractures you will 
treat over the next year by a mix of fracture site and demographic characteristics (age and sex). In the calculator, we 
suggest that conducting a retrospective chart review for the past year is the best way to project fractures over the next 
year; however, you may use any method that you feel provides a reasonable estimate of patients who will present with 
fragility fractures over the next year. 

 The calculator allows you to select from two methods for entering initial fracture estimates. The first, a 
simplified option, allows you to describe demographic characteristics and fracture frequencies separately. The next two 
images describe the data entry fields for the simplified option. 
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 The calculator allows you to exclude fracture sites from consideration for FLS referral. For example, if your 
facility or practice chooses not to refer patients with tibia or fibula fractures to the FLS, simply uncheck the 
corresponding box. When the box is unchecked, the fracture site will disappear from the table as shown in the image 
below. 

 

 The second data entry method, termed the detailed option, requires you to enter the number of fractures by 
demographic group. This method does not require the calculator to make an assumption about how fractures are 
distributed among demographic groups as is required when the simplified option is used, but it does require data that 
are more detailed. The next image presents the data entry fields for the detailed option. As with the simplified option, 
you may exclude fracture sites using the checkboxes above the table. Finally, regardless of which data entry method is 
used, it is important that patients are not double-counted if you use a retrospective approach to estimate fragility 
fractures. If a patient presents with a multi-site fracture, be sure to count that patient only once under the primary 
fracture site. 
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 The last parameter required in the FLS caseload section is an estimate of the number of fragility fracture 
patients that you will recruited to the FLS. The calculator comes prepopulated with a default value of 85%, but you 
should modify this parameter to reflect your FLS. In other words, are you able to provide FLS to all patients eligible 
patients?  Or is there limited capacity, some patients refuse or are lost to follow-up? The next image presents this field. 

 

FLS Costs 
 The second section collects information about the costs associated with your FLS program. The first part deals 
with the FLS coordinator’s salary. Based on the caseload estimated in the previous section, the calculator suggests a 
level of effort for the FLS coordinator needed to support the program. In the image below, the suggested level of effort 
is 0.5 full time equivalents (FTE).  
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 You may choose to use the suggested level of effort, as in the image above, or modify it to your liking. In the 
image below, we have changed the level of effort from 0.5 FTEs to 1 FTE. To revert to the suggested level of effort, click 
the checkbox to the right. 

 

 The calculator is prepopulated with three staff types that commonly serve as FLS coordinators: nurse 
practitioner, physician assistant, and registered nurse. Use the dropdown to select the staff that will serve as FLS 
coordinator in your program. 
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 If you choose one of the aforementioned staff types, the calculator will fill in the salary and fringe benefit rate 
fields with default values. Default salaries are national averages from the Bureau of Labor Statistics (2016). The default 
fringe benefit rate of 30% is assumed. You can—and should—replace these parameters with values that more closely 
represent your facility or practice, if applicable.  

 

 Finally, the calculator allows you to describe other labor and non-labor costs borne by your FLS in a given year. 
For labor costs, provide a brief description and specify the level of effort (in FTEs), the full time salary for the staff, and 
the fringe benefit rate. It is important to enter the full, 1 FTE salary for the staff, as the calculator will pro-rate the salary 
based on the number of FTEs entered. For non-labor costs, briefly describe and provide the dollar amount for the cost. 
The calculator also allows to you specify an overhead rate to be applied to labor costs only, or to all costs. In the image 
below, we have specified administrative assistant support as an additional labor cost, supplies and materials as a non-
labor cost, and a 10 percent overhead rate applied to all costs. 
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FLS Revenue 
 The third section requires you to describe the FLS protocol at your facility or practice so that the calculator can 
estimate the amount of revenue generated by the program. The protocol section is broken up into two parts. The first 
part asks you to specify a “base” protocol, which captures patient visits with the FLS coordinator. The calculator is pre-
populated with four default base protocols, one for each of the four reimbursement schedules displayed in the image 
below. To import a base protocol, enter the zip code where your facility or practice is located, select one of the four 
reimbursement schedules, and click “Import Protocol.”  

 

 As shown in the image below, the calculator will populate the table with office visits. Each office visit is 
characterized by when they occur relative to when the patient was first referred to the FLS, their CPT code, the revenue 
associated with the visit, and the probability that patients participating in the FLS—and those not participating in the 
FLS—will have the office visit. All revenues in the calculator are from fee schedules published by the Center for Medicare 
and Medicaid Services (Center for Medicare & Medicaid Services, 2016a, 2016b). The calculator requires estimates of 
the probability of receipt by FLS and non-FLS patients in order to calculate incremental revenue (i.e., revenue relative to 
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usual care). It is likely that 0 percent of non-FLS patients will receive any of the office visits in the base protocol section, 
but this is unlikely to hold for procedures in the second part of the protocol section. 

 As with all fields in the calculator, you can edit all base protocol fields to match your FLS. In fact, it is not 
required to import any of the default protocols; information can be entered manually into the table instead, if desired. 
The defaults are present for your convenience to be tweaked or simply ignored as you see fit.  

 

 The second part of the protocol section asks you to identify procedures that are delivered to FLS patients at a 
different frequency than to non-FLS patients. Once again, data can be entered into this section manually if desired, but 
the calculator is pre-populated with a broad array of procedures ranging from diagnostic imaging to physical therapy to 
laboratory services. The drop-down menu is shown in the table below. To use the pre-populated procedures, enter the 
zip code where your facility or practice is located, select the procedure and a reimbursement schedule, and click “Import 
Procedure.”  
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As shown in the first image below, the calculator will insert the chosen procedure into the table. Please specify 
when the procedure is to be conducted relative to when the patient was first referred to the FLS and the probability of 
receipt for FLS and non-FLS patients as demonstrated in the second image below.  
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 The calculator accepts up to 100 separate procedures. If you need more space to enter procedures, click the 
“Show More Rows” button. Finally, it is important to remember that the revenue estimate represents revenue, but not 
net financial gain, from a particular procedure. To be thorough, be sure that the costs you specified in the previous 
section represent the costs borne by the FLS program to provide the services listed here.  

FLS Impact 
 The final input section requires you to estimate the impact that the FLS will have on preventing subsequent 
fractures that would otherwise occur. The calculator allows you to select from two methods to represent the impact of 
the FLS. The first, and most straightforward, requires you to provide direct estimates of the percentage reduction in 
fractures, by site, for each of the fracture sites supported by the calculator. This option is presented in the image below. 
For example, if the calculator estimated that 100 clavicle fractures would occur without the FLS, the entry of 3% in the 
table in the image below means that the FLS would prevent three clavicle fractures. We recognize that this method 
requires you to make assumptions about the impact of the FLS with perhaps little supporting information.  However, the 
lack of FLS effectiveness studies precludes the current calculator from having prepopulated default values.  
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 The second option relies on existing studies of effectiveness of various treatment options to reduce fracture 
rates and requires you to specify the percentage of FLS and non-FLS patients that are expected to receive each of four 
treatments. When using this option, it is important not to double-count patients. For example, if some patients are 
expected to receive instructions for optimal supplementation and a pharmacological treatment, they should contribute 
to the percentages next to the pharmacological treatment, only.  The fracture reduction rates in the table in the image 
below are based on randomized controlled studies (Black et al., 1996; Cummings et al., 1998; Hodsman et al., 2005; 
Larsen, Mosekilde, & Foldspang, 2004; National Osteoporosis Foundation, 2014; Neer et al., 2001; Palacios et al., 2015; 
Sim & Ebeling, 2013; Tang, Eslick, Nowson, Smith, & Bensoussan, 2007). However, the studies were often conducted on 
a specific group (e.g., women of a certain age group), so the fracture reduction rates specified in the calculator may not 
be applicable to other groups. In addition, this method ignores the potential contribution of other treatment options or 
services such as physical therapy. The studies used to support this option are outlined in the appendix. 

 

The calculator does not account for the cost of acquiring and delivering these medications in this section. To be 
thorough, be sure to account for costs borne by the FLS to provide these medications in the cost section.  
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Statistical Models in the Calculator 
 The calculator relies on two statistical models to translate user inputs to output. The models were estimated on 
a dataset containing Medicare claims from 100% of female beneficiaries and a 5% random sample of male beneficiaries 
between 2006 and 2012. Inclusion in the initial analytic dataset required an initial fragility fracture event and at least 12 
months of Medicare part A, B, C, and D coverage before the fracture event, and 12 months of coverage, or death within 
12 months, following the fracture event. We excluded patients with Paget’s disease or cancer diagnoses, and those 
receiving hospice services. 

 These criteria led to an analytic dataset containing 418,381 beneficiaries. To address the common problem 
inherent in analyzing claims data—right-censoring at the end of the time period represented by the dataset—we created 
three cohorts to ensure comparable follow-up periods. The cohorts required 24, 36, and 48 months of coverage 
following the initial fracture (or death within those time periods), respectively. In a dataset containing records from 
2006-2012, the 24-month cohort is the least restrictive because it can include individuals who had their initial fracture as 
late as 2010, as long as they maintained Medicare part A, B, C, and D coverage. However, the 48-month cohort is the 
most restrictive because it requires that the initial fracture event happened no later than 2008. The sizes of the cohorts 
were 220,102, 37,716, and 25,999 respectively. 

We estimated a multinomial logit model of re-fracture rates as a function of age, sex, and initial fracture site. 
The dependent variable was a ten level indicator representing nine re-fracture sites (ankle, clavicle, femur, hip, humerus, 
pelvis, radius, spine, and tibia/fibula) and a tenth level representing no re-fracture. The covariates are listed in the table 
below.  We estimated this model for each of the three cohorts and from the output, we estimated probabilities of re-
fracture, by fracture site, for each group defined by age, sex, and initial fracture site. 

Re-fracture Rate Model Covariates 
Age – 65-74, 75-84, 85+ 
Sex 
Initial fracture site – nine levels 
Age*sex 
Age*initial fracture site 
Sex*initial fracture site 

 Using a second model, we estimated costs associated with re-fractures using a generalized gamma linear model 
with a log link function, an approach commonly used to estimate models of healthcare costs (Manning & Mullahy, 2001). 
The dependent variable represented total health care costs, and the covariates are listed below. From the output of 
these models, we estimated incremental cost associated with re-fracture by subtracting the predicted total costs of 
individuals with a re-fracture at a certain site from predicted total costs of individuals without a re-fracture, holding 
other covariates equal. 

Cost Model Covariates 
Age – 65-74, 75-84, 85+ 
Sex 
Initial fracture site – nine levels 
Age*sex 
Age*initial fracture site 
Sex*initial fracture site 
Re-fracture site – ten levels (includes no re-fracture level) 
Age*re-fracture site 
Sex*re-fracture site 
Initial fracture site*re-fracture site 
Total costs in 12 months prior to initial fracture 
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Binary indicator for multi-site fracture 

 The intention is to estimate these models within the cohorts described earlier; however, in the current version 
of the calculator, the model is estimated three times on the full analytic sample with a dependent variable representing 
costs in the two, three, and four years following the initial fracture, respectively. This approach does not account for the 
right-censoring problem discussed earlier, and future versions of the calculator will incorporate the cohort structure into 
these models. Due to small sizes of cells defined by the interacted covariates in the table above, some modifications will 
be required to the model specification to support estimation of the models within the cohort.  

 Within the calculator, the caseload input is combined with the re-fracture probabilities derived from the first 
model to estimate the expected number of re-fractures at a certain site. These frequencies are multiplied by the 
estimated incremental costs derived from the second model to generate costs associated with re-fractures for the 
caseload specified by the user over two, three, and four years. The information on the impact of the FLS to reduce re-
fractures input by the user is then combined with the expected number of re-fractures to estimate the number of 
fractures expected with an FLS. These frequencies are subtracted from the frequencies estimated assuming no FLS, and 
the difference describes the estimated number of fractures avoided when an FLS is implemented. These totals are 
multiplied by the incremental cost estimates to determine expected savings in terms of costs associated with re-
fractures from implementing the FLS.  

   

Calculator Output 
 The calculator updates automatically you complete input sections. When all input fields have been filled, you 
can review the report by selecting the “Report” tab at the bottom of the Excel window. You can either review the report 
in Excel or save it to a PDF file by clicking the button indicated by the arrow in the image below. 

 

 The report is broken up into five sections. The first, shown below, summarizes the input information provided by 
the user and represents the caseload with a chart of initial fractures, by site. 
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 The second section calculates the costs incurred by the FLS based on the input information provided and the 
revenue generated by the program. The chart on the right side describes the revenue accumulating over time. At the 
bottom of this section, the calculator estimates a return on investment in terms of costs and revenues. In this example 
case, the program costs $93,948 and generates revenues of $187,966 in the first year for a return on investment of 1.00. 
This means that for every $1 spent on the FLS, the host facility or practice can expect $2 in revenue, for a net of $1. 

 

 The third section is a table of fracture outcomes by site. The table presents the expected percentage of fractures 
avoided based on input information and describes the number of fractures expected with and without the FLS, by 
fracture site and overall, and by each of the three time periods considered in the calculator. The table also lists the 
expected number of fractures prevented by the FLS, calculated by subtracting expected fractures without the FLS by 
expected fractures with the FLS. 
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The fourth section describes the costs associated with re-fractures. For each of the three time periods, the 
length of the bar represents costs associated with re-fractures occurring without the FLS. The dark blue bar represents 
costs associated with re-fractures occurring with the FLS. The pale section of the bar represents the savings in terms of 
costs associated with re-fractures brought about by implementation of an FLS.  

 

 The final section lists the protocol information exactly as the user entered it on the input tab. This section is 
included solely for reference and context around the revenue estimates.  
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Limitations and Conclusions 
 There are limitations associated with the calculator to be aware of. First, we acknowledge that the suggested 
method for entering caseload data—a retrospective review—is time-consuming and can be impractical. Furthermore, 
there is no guarantee that the experience of the previous year is a good indicator for the current year. While we assume 
that a retrospective review will provide the best estimate of caseload, we encourage you to use alternative methods if a 
retrospective review is not an option. Even using a range of inputs and comparing output is useful, as it allows you to 
estimate a range of potential outcomes.  

 Second, we remind the user that adding procedures to the protocol does not automatically update the costs 
associated with the program, so the user must ensure that what they have entered in the cost section accounts for all of 
the services delivered to FLS patients. We note that, for office visits, the largest component of cost is the FLS coordinator 
salary, which is included in the cost section, but other procedures such as labs or pharmacological treatments might 
carry additional costs that should be identified in the other cost section. 

 Third, we acknowledge that the calculator requires the user to make a strong assumption about the impact of 
the FLS or to rely on effectiveness estimates of specific treatments and exclude the potential impact of other treatments 
or procedures. FLS protocols vary considerably, and FLSs in general have not been sufficiently studied to produce 
estimates of their effectiveness at reducing fractures. While output on fracture outcomes is sensitive to FLS impact 
inputs, it is worth noting that FLS costs and revenues are calculated independent of these parameters. 

Finally, there are a number of shortcomings of the calculator that we will remedy in future releases. First and 
most obvious, the calculator only supports analysis of patients age 65 and up. Currently, we are working to identify a 
data source to allow us to expand to calculator for patients as young as 50. Second, the current version of the calculator 
is programmed for an exclusively fee-for-service environment. In that context, “savings” associated with reductions in 
re-fractures actually represent lost revenue to the facility or practice. We are currently working to integrate a shared 
savings model into the calculator that will account for incentives paid to facilities or practices that limit re-fractures.   

 Despite these limitations, the calculator provides a useful framework for interested parties to evaluate the 
implementation of an FLS in their facility or practice. It allows the user to describe their projected caseload, expected 
costs, proposed FLS protocol, and potential FLS impact and review output based on those inputs. It combines user inputs 
with estimates of re-fracture probabilities and costs associated with refractures derived from statistical models of claims 
data. Please share your questions and feedback, as they will help us to improve the calculator in future releases. Please 
send your comments and questions to info@nbha.org.    
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Appendix 
Studies used for FLS Impact 

Treatment 

Rate of 
Fracture 

Reduction Source(s) Notes 

Optimal Calcium and Vitamin D 
Supplementation 16% Larsen et al., 2004 

Tang et al., 2007 

Not based on prior-fracture 
population. Rates may differ in 
these populations. 

Bisphosphonates (e.g., Alendronate) 50% 
NOF Clinician's Guide 

Black et al., 1996 
Cummings et al., 1998 

Most studies have been 
conducted on women, 
although there is some 
evidence for effectiveness for 
men (Sim & Ebeling, 2013). 

Denosumab (Prolia) 39% Palacios et al., 2015 

Parathyroid Hormone: Teriparatide (Forteo) 59% NOF Clinician's Guide 
Neer et al., 2001 

Study based on women, 
although there is some 
evidence for effectiveness for 
men (Hodsman et al., 2005). 
Fracture reduction rate is the 
average of stated rates of 
reduction for vertebral and 
non-vertebral  

 

 

 


