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Background: The goal of this study was to evaluate the societal costs of using in-office diagnostic arthroscopy (IDA)
compared with magnetic resonance imaging (MRI) for the diagnosis of intra-articular knee and shoulder pathology in
employed patients receiving Workers’ Compensation or disability coverage. The prevalence is estimated at 260,000 total
cases per year.

Methods: A cost-minimization analysis of IDA compared with MRI was conducted. Direct costs (in 2018 U.S. dollars)
were calculated from private reimbursement amounts and Medicare. Indirect costs were estimated from a societal
perspective including effects of delayed surgical procedures on the ability to work, lost income, Workers’ Compen-
sation or disability coverage, and absenteeism. Four regions were selected: Boston, Massachusetts; Detroit,
Michigan; Denver, Colorado; and San Bernadino, California. Sensitivity analyses were performed using TreeAge Pro
2019 software. The base assumption was that it would take approximately 4 weeks for a diagnosis with MRI and
0 weeks for a diagnosis with IDA.

Results: Direct costs to determine a knee diagnosis with IDA were $556 less expensive (California) to $470 more
expensive (Massachusetts) thanMRI. Assuming a 4-week wait, societal costs (indirect and direct) for knee diagnosis were
anywhere from $7,852 (Denver) to $11,227 (Boston) less using IDA. Direct costs were similar for shoulder pathology. In
order for MRI to be the less costly option, the MRI and the follow-up visit to the physician would need to occur directly after
consultation. Under Medicare, direct costs were similar for both the knee and shoulder when comparing IDA and MRI.
Including indirect costs resulted in IDA being the less costly option.

Conclusions: The use of IDA instead of MRI for the diagnosis of knee and shoulder pathology reduced costs. The
potential savings to society were approximately $7,852 to $11,227 per operative patient and were dependent on
scheduling and follow-up using MRI and on Workers’ Compensation.

Level of Evidence: Economic and Decision Analysis Level IV. See Instructions for Authors for a complete description of
levels of evidence.

R
otator cuff tears, meniscal tears, and anterior cruciate
ligament (ACL) tears are 3 of the most common soft-
tissue injuries treated, including surgically1-3. These con-

ditions can be highly debilitating and can keep patients out of work
or can decrease a patient’s level of function if untreated4-7.Magnetic
resonance imaging (MRI) and clinical evaluation are the most
commonly used tools for diagnosis8,9. LongMRIwaiting times can

be a challenge and have been associated with delays in diagnoses,
canceled appointments, poorer outcomes, and financial losses10-12.
Additionally, lag times in receiving care predict the length of
disability13.

Recently, the use of in-office diagnostic arthroscopy (IDA)
has been shown to be cost-saving and accurate for these condi-
tions14-16. IDA can be performed on the initial patient visit,
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decreasing the time to surgical treatment and potentially allowing
the patient to return to regular activities sooner.

The goal of this study was to evaluate the direct indirect
cost savings of using IDA for the diagnosis of these conditions
in 4 regions of the country: East (Boston, Massachusetts),
Central (Detroit, Michigan), Midwest (Denver, Colorado), and
West (San Bernardino, California). The hypothesis was that
IDA is less expensive than MRI.

Materials and Methods

Acost-minimization analysis comparing IDAwith MRI was
conducted for the diagnosis of employed patients with

shoulder and knee injuries. Direct costs (in 2018 U.S. dollars)
were calculated from the reimbursement amounts paid by
private insurance for office visits, MRI, and IDA. These regions
were chosen on the basis of access to high-volume data on
private payer information per the RAND 2019 report17 and on
geographic representation. The Consolidated Health Economic
Evaluation Reporting Standards (CHEERS) checklist was used
(see the CHEERS Checklist in the Appendix).

Indirect costs included the effects of a delayed surgical
procedure on an individual’s ability to work, disability, and the
cost of lost productivity. It also included out-of-pocket costs18.

It was further assumed that incurring an injury was covered
byWorkers’Compensation or disability insurance. Patient income
informationwas derived from theU.S. Bureau of Labor19;Workers’
Compensation payments from California20, Michigan21, Massa-
chusetts22, and Colorado23; and temporary disability insurance24-26.

To estimate the cost of lost productivity, the number of
workdays lost was multiplied by a daily compensation wage
multiplier of 1.61, where the multiplier was defined as the cost
to an employer of an absence (‡2 weeks)27. Thus, costs were
investigated up to the point where a patient was informed of the
diagnosis.

In order to determine the mean time for MRI, we con-
tacted a scheduling department over a period of 3 months at a
California facility.

Cost modeling software (TreeAge Pro 2019; TreeAge
Software) was used to determine through sensitivity analysis
which variables had the greatest effect in determining cost.

Results

Appendix Table 1 shows the direct costs and indirect costs
associated with obtaining a diagnosis for knee pathology;

Appendix Table 2 details the variables and distributions used in
the model, using California data.

Fig. 1

Direct cost comparison between MRI and IDA: knee. LVL = level, Pt = patient.
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The mean MRI scheduling wait time was 2.4 weeks. It
was assumed there was an additional 12-day (1.71-week) wait
for a follow-up visit to review the MRI28,29. Therefore, a total of
4 weeks (2.4 weeks 1 1.7 weeks = 4.1 weeks, rounded to
4 weeks) was used for MRI. There was no wait time for IDA, as
the procedure occurred directly after the patient workup in the
office setting. Figures 1 and 2 identify direct cost comparisons for
private payer patients in California and the resultant savings
using IDA. Note that, for Massachusetts, the direct cost com-
parisons would result in IDAbeing themore expensive option by
$470. Direct cost comparisons for Medicare patients yielded no
cost savings between IDA and MRI.

Using San Bernardino, California, as an example, the
mean weekly wage was $90619. Workers’ Compensation pro-

vided two-thirds of this, or $604 per week. For disability
insurance, the mean payout was 60% of the weekly salary, or
$54430. The cost to the employer due to lost productivity caused
by absenteeism was $7,066. Thus, the additive societal savings
provided by using IDA for returning to work 4 weeks earlier
was $10,968 ($11,996 2 $1,028). Additive societal savings
occurred in all regions evaluated. An assumption of no
disability or Workers’ Compensation costs and no loss in
work time resulted in a direct cost savings of $895 ($1,9052
$1,010).

In all regions evaluated, the wait for a diagnosis was >$8,000
(Workers’ Compensation1 lost productivity 1 waiting time).

In a 3-way sensitivity analysis (see Appendix Table 3;
Appendix Figures 1 and 2 are representative of the others),
for MRI to be the less costly alternative, the MRI follow-up
visit to the physician would need to occur within 3 to 6 days
after the initial office visit. Additionally, for MRI to be the
less costly alternative, Workers’ Compensation would need
to be below $75 to $240 per week with no loss in worker
productivity.

As further confirmation of the mean California wait time
data of 2.4 weeks, the literature shows that the mean time from
the first patient visit to the physician review of MRI findings
was 2 weeks31. Using a 2-week wait time resulted in societal
costs as shown in Table I.

Fig. 2

Direct cost comparison between MRI and IDA: shoulder. LVL = level, Pt = patient.

TABLE I Societal Costs Using Only a 2-Week Wait Time

Region MRI IDA

Boston, Massachusetts $5,395 $1,602

Denver, Colorado $6,562 $1,203

San Bernardino, California $6,765 $1,028

Detroit, Michigan $5,644 $936
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In a 1-way sensitivity analysis, the cost of the IDAwould
need to be >$9,000 to $12,000 for MRI to be less expensive (see
Appendix Figures 3 and 4).

The shoulder assessment demonstrated similar findings
(Fig. 2).

Discussion

Prior analyses demonstrated cost savings when examining
the direct cost for care in evaluating or diagnosing and

treating knee and shoulder pathology14,16,32. The current anal-
ysis adds the impact of delays in diagnosis with MRI. The rapid
rise of health-care costs in the United States is a concern for
policymakers33-36. One method for containing costs is a value-
centric approach, with care providing the highest clinical value
supported34.

As it relates to value, patient satisfaction has been known
to be adversely affected by increased waiting times37,38. Conse-
quences of delays include negative effects on outcomes, care
utilization, and the reputation of the organization39. Thus,
timely follow-up may improve patients’ perception and valu-
ation of health care40,41.

One of the more common reasons for disability claims is
musculoskeletal disorders42. Among work-related injuries in
2017, there were a mean (and standard deviation) of 115,900 ±
27,300 shoulder injuries and 151,000 ± 24,300 knee injuries43.
Additionally, per the Bureau of Labor, the median time away
fromworkwas 22 days for knee and shoulder injuries44. Thus, the
cost numbers provided herein are similar to other analyses.
For 2016, 86.5%of the 138.2million jobs in theU.S. were covered
by Workers’ Compensation45. Additionally, short-term disability
covered 25% of government jobs to 45% of private sector jobs46.
From a total indirect cost perspective, U.S. state analyses have
identified non-medical costs per claim of $2,004 to $17,060 for
knee injuries and $2,863 to $25,668 for shoulder injuries6,47. Even
if only salary costs were calculated, over $300 million ($2,000 ·
151,000 for knee injuries and $2,863 · 116,000 for shoulder
injuries) would be paid yearly. As mentioned above, a lag time
of 1 to 2 weeks contributed an additional 10 days of disability.
Lag times for MRI can also result from policies that require
preauthorization48-52.

Sensitivity analysis appears to be rarely used53. It is im-
portant to perform in any type of cost analyses, considering
uncertainty (e.g., wide variation of costs), and for the testing of
robustness of assumptions (when used in modeling). Sensi-
tivity analysis found that for MRI to be the less costly alter-
native, IDA pricing would need to be ‡$1,750, along with no
wait times for follow-up visits. Additionally, a patient would
need to be poorly compensated via Workers’ Compensation or
disability insurance (e.g., below $75 to $240 per week) and
absent from work. Private-payer pricing for IDA has been
noted in prior studies to be considerably less than $1,75032.
Thus, it is unlikely that the use of MRI from a societal per-
spective would be less costly than IDA.

Studies at large institutions have identified a mean 8-day
wait time, with wait times resulting in missed appointments10.

Thus, in surgical patients with the above indications, IDA
would be preferred, as it saves time and money.

This study had several limitations. Even though sched-
uling an MRI can be problematic, the wait time may be shorter
than 2 weeks. Another limitation was the learning curve with
IDA and how this could affect the cost analysis. The study
focuses mainly on operative determinations after diagnosis.
Nonoperative treatment may be successful and initiated (albeit
carefully, not fully understanding the diagnosis) after the initial
office visit. Thus, the wait time may not be wasted time. IDA is
not completely benign because complications could occur and
may require a subsequent MRI. These costs were not included in
the IDA arm. The existing literature to date for IDA has dem-
onstrated no complications14,54,55. Another study showed nomajor
complications (1,419 cases from 13 participating physicians), with
minor complications being transient in nature56. Another limita-
tion was the assumption that the patient is idle while waiting for
the MRI and rehabilitation or bracing are not initiated. This
may not be the case and could positively affect patient out-
comes and lower costs. Another limitation was the assump-
tion that diagnosis is an end point where all societal costs stop.
Finally, this is a subset of Workers’ Compensation patients
(approximately 50,000) and may not be representative of the
entire Workers’ Compensation market.

The use of IDA instead of MRI for the diagnosis of knee
and shoulder pathology reduced costs. The potential savings to
society were approximately $7,852 to $11,227 per operative
patient and were dependent on scheduling and follow-up using
MRI and on Workers’ Compensation.

Appendix
Supporting material provided by the authors is posted
with the online version of this article as a data supplement
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46. Luznar ÖD, Costa J. The prevalence of employer-provided benefits by industry of
employment and implications for Social Security Disability Insurance claim behavior.
Social Security Bulletin. 2019;79(1):47-55.
47. Dunning KK, Davis KG, Cook C, Kotowski SE, Hamrick C, Jewell G, Lockey J.
Costs by industry and diagnosis among musculoskeletal claims in a state Workers
Compensation system: 1999-2004. Am J Ind Med. 2010 Mar;53(3):276-84.
48. Cross of Idaho Blue. AIM prior authorization frequently asked questions. Ac-
cessed 2020 Sep 15. https://providers.bcidaho.com/resources/pdfs/providers/
aim-specialty-health/AIM-PA-FAQS.pdf
49. Colorado Department of Labor and Employment, Division of Workers’ Com-
pensation. Workers’ Compensation rules of procedure, 7 CCR 1101-3, rule 16.

Costs After Knee and Shoulder Injuries and Diagnosis with In-Office Arthroscopy or Delayed MRI

JBJS Open Access d 2021:e20.00151. openaccess.jbjs.org 5

https://www.rand.org/content/dam/rand/pubs/research_reports/RR3000/RR3033/RAND_RR3033.pdf
https://www.rand.org/content/dam/rand/pubs/research_reports/RR3000/RR3033/RAND_RR3033.pdf
https://www.bls.gov/regions/west/news-release/countyemploymentandwages_california.htm
https://www.bls.gov/regions/west/news-release/countyemploymentandwages_california.htm
https://www.dir.ca.gov/dwc/WorkersCompensationBenefits.htm
https://www.dir.ca.gov/dwc/WorkersCompensationBenefits.htm
https://www.michigan.gov/documents/cis_bwuc_over698_30939_7.pdf?src=tdn_2
https://www.michigan.gov/documents/cis_bwuc_over698_30939_7.pdf?src=tdn_2
https://www.michigan.gov/documents/cis_bwuc_over698_30939_7.pdf?src=tdn_2
https://www.mass.gov/service-details/learn-about-workers-compensation-benefits
https://www.mass.gov/service-details/learn-about-workers-compensation-benefits
https://www.colorado.gov/pacific/sites/default/files/WC_ACT_2018_print.pdf
https://www.edd.ca.gov/disability/Calculating_DI_Benefit_Payment_Amounts.htm
https://www.edd.ca.gov/disability/Calculating_DI_Benefit_Payment_Amounts.htm
https://dhr.colorado.gov/state-employees/state-employee-benefits/disability-insurance
https://dhr.colorado.gov/state-employees/state-employee-benefits/disability-insurance
http://www.bluecrossma.com/common/en_US/pdfs/New_SOB/55-0296_Voluntary_Short_Term_Disability.pdf
http://www.bluecrossma.com/common/en_US/pdfs/New_SOB/55-0296_Voluntary_Short_Term_Disability.pdf
https://www.bls.gov/opub/btn/volume-4/pdf/disability-insurance-plans.pdf
https://www.bls.gov/opub/btn/volume-4/pdf/disability-insurance-plans.pdf
https://www.ibiweb.org/evidence-for-managing-musculoskeletal-disorders-and-pain/
https://www.ibiweb.org/evidence-for-managing-musculoskeletal-disorders-and-pain/
https://wwwn.cdc.gov/wisards/workrisqs/
https://wwwn.cdc.gov/wisards/workrisqs/
https://www.bls.gov/iif/msd_state.htm
https://www.bls.gov/iif/msd_state.htm
https://www.nasi.org/research/2018/report-workers&tnqh_x2019;-compensation-benefits-costs-coverage-&tnqh_x2013;-2016
https://www.nasi.org/research/2018/report-workers&tnqh_x2019;-compensation-benefits-costs-coverage-&tnqh_x2013;-2016
https://www.nasi.org/research/2018/report-workers&tnqh_x2019;-compensation-benefits-costs-coverage-&tnqh_x2013;-2016
https://providers.bcidaho.com/resources/pdfs/providers/aim-specialty-health/AIM-PA-FAQS.pdf
https://providers.bcidaho.com/resources/pdfs/providers/aim-specialty-health/AIM-PA-FAQS.pdf


Utilization standards. 2014 Jan 1. Accessed 2020 Sep 14. https://www.colorado.
gov/pacific/sites/default/files/Rule_16_Utilization_Standards_Prior_to_2015.pdf
50. State of Connecticut Worker’s Compensation Commission. Payer and medical
provider guidelines to improve the coordination of medical services. 2010 Jul 1.
Accessed 2020 Sep 14. https://wcc.state.ct.us/download/acrobat/payor-
provider-guidelines.pdf
51. Utah Office of Administrative Rules. Workers’ Compensation rules - medical care.
R612-300-2. Obtaining medical care for injured workers. 2020 Jan 1. Accessed 2020
Sep 15. https://rules.utah.gov/publicat/code/r612/r612-300.htm#T2
52. Washington State Department of Labor and Industries. Surgical guideline for
work-related knee injuries 2016. 2016 Jul. Accessed 2020 Sep 15. https://www.
lni.wa.gov/patient-care/treating-patients/treatment-guidelines-and-resources/_
docs/KneeGuidelineFINAL2016.pdf

53. Kuye IO, Jain NB, Warner L, Herndon JH, Warner JJP. Economic evaluations in
shoulder pathologies: a systematic review of the literature. J Shoulder Elbow Surg.
2012 Mar;21(3):367-75. Epub 2011 Aug 23.
54. Baeten D, Van den Bosch F, Elewaut D, Stuer A, Veys EM, De Keyser F. Needle
arthroscopy of the knee with synovial biopsy sampling: technical experience in 150
patients. Clin Rheumatol. 1999;18(6):434-41.
55. Deirmengian CA, Dines JS, Vernace JV, Schwartz MS, Creighton RA, Gladstone
JN. Use of a small-bore needle arthroscope to diagnose intra-articular knee pathol-
ogy: comparison with magnetic resonance imaging. Am J Orthop (Belle Mead NJ).
2018 Feb;47(2).
56. McMillan S, Chhabra A, Hassebrock JD, Ford E, Amin NH. Risks and compli-
cations associated with intra-articular arthroscopy of the knee and shoulder in an
office setting. Orthop J Sports Med. 2019 Sep 27;7(9):2325967119869846.

Costs After Knee and Shoulder Injuries and Diagnosis with In-Office Arthroscopy or Delayed MRI

JBJS Open Access d 2021:e20.00151. openaccess.jbjs.org 6

https://www.colorado.gov/pacific/sites/default/files/Rule_16_Utilization_Standards_Prior_to_2015.pdf
https://www.colorado.gov/pacific/sites/default/files/Rule_16_Utilization_Standards_Prior_to_2015.pdf
https://wcc.state.ct.us/download/acrobat/payor-provider-guidelines.pdf
https://wcc.state.ct.us/download/acrobat/payor-provider-guidelines.pdf
https://rules.utah.gov/publicat/code/r612/r612-300.htm#T2
https://www.lni.wa.gov/patient-care/treating-patients/treatment-guidelines-and-resources/_docs/KneeGuidelineFINAL2016.pdf
https://www.lni.wa.gov/patient-care/treating-patients/treatment-guidelines-and-resources/_docs/KneeGuidelineFINAL2016.pdf
https://www.lni.wa.gov/patient-care/treating-patients/treatment-guidelines-and-resources/_docs/KneeGuidelineFINAL2016.pdf

