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Introduction 

Healthcare spending in the United States continues to rise at an unprecedented rate, leading 

government officials and insurers to lean on physicians to control costs without jeopardizing quality. In 

response to these pressures and its over-arching goal of providing the highest quality patient care, the 

Department of Orthopaedic Surgery at Boston Children’s Hospital (BCH) has undertaken a project to 

create an evidence-based, cost-sensitive treatment pathway for patients with shoulder instability. The 

primary goal of the project will be to increase the value of care delivered to patients with shoulder 

instability by focusing on maximizing clinical outcomes and minimizing cost.  

A critical portion of this undertaking will be to accurately calculate the cost of the care provided, a task 

historically accomplished through summation of reimbursement rates and/or hospital charges. Recent 

work pioneered by Robert Kaplan and Steven Anderson of Harvard Business School has shown 

traditional methods of accounting to be inadequate, instead proposing a time-driven activity-based 

costing (TDABC) model.1 Building off this work, we utilized TDABC methodology to evaluate the care 

pathway of BCH orthopaedic surgery patients with anterior shoulder instability. The study aimed to 

answer two questions: 

Question 1: What is the cost of the complete care cycle (defined as time from initial consultation to final 

shoulder stability) for surgical treatment of anterior shoulder instability at BCH? 

Question 2: Utilizing process maps of the entire shoulder instability surgical care cycle, how can we 

increase value through reduction in practice variation and optimal allocation of scarce and/or costly 

resources?  

This study provides an important step toward future collaboration among all stakeholders to produce 

patient-centered payment models, as providers will have a greater understanding of the true costs 

associated with treatment of this population.  More importantly, this work has the potential to increase 

the overall value of care offered to BCH patients with shoulder instability.  

The current climate of healthcare spending reveals the necessity of such studies. In 2010, the United 

States spent $2.6 trillion on healthcare, representing 17.9% of gross domestic product (GDP). While the 

absolute numbers are striking, perhaps more concerning is the rate at which healthcare spending 

continues to grow. Since 1970, healthcare spending per capita has grown by an average of 8.2% each 

year, outpacing the average growth of GDP by 2.4%.2 The drivers for this increase are multifactorial; 

however, in recent years, policy makers have begun to consider how physicians and hospitals are 
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reimbursed as a potential avenue for change. Traditionally, the US operates in a system in which 

reimbursement is dictated based on the volume of care delivered. This system creates perverse 

incentives, as delivering increased volume of care results in increased provider reimbursement. More 

recently, the concept of healthcare value –defined as patient outcomes per dollar spent-- has been 

emphasized.3 In a system which recognizes and rewards value, providers are incentivized to maintain or 

elevate patient outcomes while minimizing cost to the system.  

Inefficient allocation of costly resources within the US healthcare system represents an area of 

actionable interest when considering cost reduction strategy. It is estimated that healthcare waste may 

cost the United States as much as $700 billion a year, $100 billion of which is attributable to provider 

inefficiency and errors.4 Provider inefficiencies include items such as misallocation of professional staff, 

inefficient facility or equipment utilization and throughput, and redundant utilization of testing.5  These 

represent process inefficiencies that many industries experience and work to minimize; however, within 

medicine, these factors are often overlooked as some providers focus on increasing the volume of care. 

TDABC highlights the inefficiencies and misallocation of resources within a care cycle, thus offering the 

potential to realize large savings and increase value.  

Since its introduction by Harvard Business School in 2007, TDABC has been utilized in pilot studies at 

multiple institutions in an effort to better understand the cost of care and decrease inefficiencies. In 

2010, University of Texas MD Anderson Cancer Center applied TDABC within its Anesthesia Assessment 

Center resulting in a 36% reduction in total costs per patient visit.6 A similar venture was carried out by 

Boston Children’s Hospital Department of Plastic and Oral Surgery, studying the protocol for cleft palate 

surgery. Process mapping of the cleft palate surgery protocol revealed an opportunity to reduce patient 

time spent in intensive care units in favor of more cost effective step-down units. This single change to 

the cleft palate surgery protocol resulted in an 8% reduction in total cost over an 18 month care cycle.7 

While the utility of TDABC as a tool for realizing the true cost of care is well documented, an exhaustive 

literature search was unable to locate any TDABC work relating to anterior shoulder instability. Anterior 

shoulder instability offers a unique challenge; while a common clinical condition, there is great 

variability among providers in terms of indications for surgery, pre-operative testing, operative 

technique, and postoperative protocols. These variations in care result in differences in costs as well as 

clinical outcomes among providers. Application of TDABC to the shoulder instability care cycle offers an 

opportunity to locate inefficiencies and aid in the defining of a value-based standardized pathway for 

patients with anterior shoulder instability. Further, TDABC allows for the estimation of the true cost of 
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the entire care cycle, an estimation that may be allow for more patient-centered contracts to be created 

in the future. 

Student Role 

The student investigator participated in and completed all tasks involved in this study including creation 

of data collection tool, chart review, process mapping, time stamping, collection of financial data, 

capacity cost rate calculation, overall cost calculation, and efficiency analysis. The student worked 

closely with orthopedic attending physician Donald S. Bae, MD and orthopedic resident Brady Evans, 

MD, MBA in completion of this work. 

Methods 

Overview of TDABC Methodology: The goal of TDABC is to quantify the cost of care, including but not 

limited to costs associated with clinic visits, diagnostic imaging, physical therapy, surgical treatment, and 

utilized medical equipment. This was accomplished by creating a detailed map of each step a patient 

takes through the care cycle, with information on what resources contribute to a patient’s care.8 Costs 

were calculated for consumable goods and services (e.g. a sling, a plain radiograph) as well as time-

dependent resources (e.g. physician/surgeon work, time spent in the operating room). The cost of time-

dependent resources was determined by multiplying the capacity cost rate, or how much a resource 

costs per minute, by the time spent interacting with that resource. The total cost of the care cycle was 

then estimated by summing the cost of all consumed goods and services with the cost of all time 

dependent resources. There were five steps to performing this TDABC analysis: 1) Defining the steps of 

the care cycle, 2) Creation of time-stamped process maps, 3) Determining capacity cost rates, 4) 

Calculation of overall cost, and 5) Efficiency analysis.  

Defining the Steps of the Care Cycle: For this study, the care cycle was defined as the time from the 

initial orthopaedic consultation to the time of final shoulder stability and discharge from care. The care 

cycle was described as a timeline of events as clinic visits, diagnostic imaging, surgery, physical therapy, 

and post-operative visits. To determine steps of the care cycle, a retrospective chart review was carried 

out reviewing charts of 98 patients treated by the four surgeons who perform shoulder stability 

operations at BCH. Patients with anterior labral tears after traumatic shoulder dislocation who 

underwent arthroscopic Bankart repairs were selected; arthroscopic Bankart repair was specifically 

selected as this is the most common primary operation for shoulder instability.  The chart review 
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recorded each patient interaction with healthcare resources. With this information, we were able to 

formulate a timeline depicting the average patient care pathway for each BCH surgeon.  

Creation of Time-Stamped Process Maps: To perform TDABC analysis, all resources which contribute to 

a patient’s care –as well as the time with which the patient interacts with each resource—are 

characterized through the construction of a time-stamped process map for each step of the care cycle. 

Three basic approaches were utilized to build the maps. The first was to interview personnel to estimate 

the amount of time spent on each activity contributing to a patient’s care. The second approach was to 

follow actual patients in real time through the care cycle, record the resources with which patients 

interacted, and quantify the amount of time spent with each resource with a stopwatch. Finally, we 

utilized time stamped data collected during the chart review to determine the average amount of time 

patients spend in the operating room and PACU on the day of surgery.  

Determining of Capacity Cost Rates: Capacity cost rates represent the cost of a resource per unit of 

time. To calculate the capacity cost rate for a resource, one must divide the direct cost of a resource by 

the resources practical capacity. For example, to determine the capacity cost rate of a physician we 

divided the salary of the physician by their practical capacity. The practical capacity of a physician could 

be calculated by taking the total number of hours worked and subtracting administrative time, research 

time, non-clinical education time, etc. The direct cost of each resource was determined in collaboration 

with the BCH finance department from data gathered from the general ledger, the budgeting system, 

and other IT systems. Orthopedic attending salary was determined utilizing American Academy of 

Orthopedic Surgeons 2011 census median reported salary.9 Anesthesiologist, nurse anesthetist, nurse 

practitioner, physician assistant, registered nurse, and surgical technician salaries were derived from the 

Bureau of Labor statistics using 2016 median reported salaries.10 Resident and fellow salaries were 

derived from 2016 GME pay scales.  The practical capacity of resources was determined through 

personnel interviewing.  

Calculation of Overall Cost: To calculate the total costs of providing care for a medical condition through 

an entire care cycle, we sum the cost of all consumed goods and add the cost of all time dependent 

resources. The cost of time dependent resources was calculated using the formula: 

Total cost of time-dependent resources = (Capacity Cost RateResource A x TimeResource A) + (Capacity Cost 

RateResource B x TimeResource B) + … 
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Application of this costing strategy allowed us to accurately assess the cost at the patient-level over the 

entire care cycle for treatment of shoulder instability. 

Efficiency Analysis: Production of process maps and timelines allow for an analysis of inefficiency and 

waste within the current care cycle of shoulder instability at BCH. The accuracy of TDABC as an 

accounting tool allows for increased awareness of cost drivers and provides data needed for sustainable 

cost reduction and improved resource utilization. The data collected in this study was utilized to 

produce a care pathway which minimizes variation and thus maximizes patient value. 

 Results 

We identified three distinct phases in the care pathway for anterior shoulder instability with a labral 

tear, namely preoperative, day of surgery, and postoperative. Time stamped process maps were 

produced for each of these phases. Time stamped process maps can be seen in Figure 1, Figure 2, and 

Figure 3. We then utilized the chart review data to determine mean resource utilization during each of 

these phases. The results in Table 1 indicate a large variation in resource utilization from patient to 

patient. For example, the number of preoperative clinic visits ranged from 0 visits to 11 visits, and the 

time spent in the operating room ranged from 94 minutes to 294 minutes. 

Table 2 presents the capacity cost rates for each individual who interacted with the patient, in dollars 

per minute. Orthopedic surgeons were the most expensive personnel resource at $3.73/minute. 

Residents and fellows were the least expensive resources at $0.28/minute and $0.36/minute, 

respectively. There was significant variation in the cost of suture anchors and arthroscopic cannulae 

used during surgery. The mean per unit cost of anchors used was $344.17, with a range of $225/anchor 

to $510/anchor. Similarly, the mean per unit cost of cannulae used was $82.91, with a range of 

$24.50/cannula to $125/cannula.   

Using the TDABC approach we were able to define the true mean cost for the full bundle of care for 

anterior instability with a labral tear as $9,666. Table 3 displays a distribution of the costs based on 

resource type.  Space and equipment was the primary cost driver (49% total cost) with operating room 

utilization making up the majority of this cost category. Diagnostic imaging represented 26% of the total 

cost. Personnel and consumables were 12% and 13%, respectively. We also considered the distribution 

of the costs according to phase of care, as shown in Table 4. Day of surgery was the primary driver 

representing 72% of total cost. Preoperative phase was 27% of total cost while postoperative phase was 

just 1%. Of note, the 96% of the preoperative phase costs consisted of imaging costs. 
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The results of the TDABC analysis were used in combination with physician interview to produce an 

optimized care pathway to maximize value. (Figure 4) Three costs were identified as having increased 

variability while further being readily actionable. These costs include preoperative imaging, operative 

consumables (cannulas and anchors), and postoperative clinic visits. In the proposed pathway each 

patient undergoes one preoperative magnetic resonance arthrogram (MRA), utilizes the least expensive 

operative consumables, and is standardized to two postoperative clinic visits. Holding all other costs 

stable, these changes result in a complete care pathway cost of $8,910, a cost savings of $756 or 7.8%.  

In addition to readily actionable cost items, we assessed the TDABC analysis for further areas of 

potential cost savings. Time spent in the operating room including both anesthesia and surgeon time 

accounted for 68% of the day of surgery costs and 49% of the total care pathway costs. Any intervention 

which minimizes operating room time without compromising outcomes would be value additive. We 

found 66% of patients received a regional block at the time of surgery with all anesthesia procedures 

occurring in the operating room. The regional block procedure took an average of 25 minutes to 

complete. Relocating the placement of the regional block to an area of the hospital with a lower 

capacity cost ratio than the operating room such as the preoperative area would result in cost savings of 

$373 or 5% of day of surgery costs.  

Discussion 

As healthcare moves in the direction of value-based reimbursement schemes, there is a need to better 

understand the true cost associated with the care provided. TDABC has been shown to be an accurate 

and effective tool in calculating healthcare costs compared to traditional accounting methods. TDABC 

further acts as a value-maximizing tool in that it reveals detailed information regarding cost drivers and 

allows for efficient allocation of scarce resources. In this study we sought to estimate the true cost of 

providing surgical treatment for anterior shoulder instability in a pediatric population at a major 

academic medical center. The complete care cycle for anterior shoulder instability, defined as initial 

evaluation to final post-operative clinic visit, was found to cost $9,666.  

After careful analysis, two primary cost drivers were identified in shoulder instability care. The most 

notable cost driver was utilization of space and equipment, representing 49% of the cost for the entire 

pathway. This category was almost entirely made up of time spent in operating room and PACU. 

Operating rooms are commonly considered the most expensive resource in the hospital, a notion that is 

supported by the findings in our study.  
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Preoperative imaging was found to be the second most significant cost driver, accounting for 26% of the 

total average cost of the complete pathway. Interestingly, preoperative imaging also had variable 

utilization from patient to patient. In this patient cohort, 47% of patients received a radiograph, 4% 

received a CT, 48% received an MRI, and 61% received a MRA. Additionally, 56% of patients received 

more than one mode of preoperative imaging.  

Although consumable medical supplies represented only 13% of total pathway cost, there was large 

variability in utilization and cost. The per unit cost for an arthroscopic cannula ranged from $24.50 to 

$125, a greater than 5x difference. Similarly, the per unit cost of anchors ranged from $225 to $510, a 

2.3x difference. The average per unit cost of cannulas and anchors utilized at BCH was $82.91 and 

$344.17, indicating variation in surgeon preferences and no prioritization for the most cost-efficient 

option.  

Aided by the above cost analysis and in collaboration with the upper extremity group at BCH, we 

propose a new care pathway for patients with anterior shoulder instability with the goal of minimizing 

variability in resource utilization and maximizing value. We focus our recommendations on immediately 

actionable items. (For instance, while attending surgeon time spent in the operating room represents a 

major cost driver, simply requesting that surgeons operate quicker was not a viable option.) Based on 

our findings, we propose standardizing preoperative imaging to one MRA per patient, utilizing cost-

efficient surgical consumables and implants, and standardizing postoperative care to two visits per 

patient. These recommendations would result in cost savings of $756 per patient. 

The TDABC analysis revealed time spent in the operating room as a major cost driver for the entire care 

pathway. This time includes both anesthesia time and the time a surgeon requires to complete the 

operation. Any effort to minimize this time without compromising outcome will maximize value. We 

found that relocation of the placement of regional anesthesia blocks from the operating room to the 

preoperative area would result in cost savings of $373 or 5% of the entire day of surgery costs. In 

addition, a 2015 publication indicated a relationship between an orthopedic surgeon’s years of 

experience and efficiency in the operating room.11 Any intervention (such as early specialization or 

utilization of simulation training) which may help to expedite a surgeon’s movement down the learning 

curve would have major cost savings implications.  

This study had several limitations. The current analysis focused on orthopaedic costs of care. As such, 

non-orthopedic costs such as Emergency Department visits, anesthetic medications, and other non-
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surgical equipment are not included in the data presented here. Furthermore, this study only captures 

the cost for primary operative treatment of anterior shoulder instability. Recurrence rates for surgically 

corrected anterior shoulder instability in a pediatric and adolescent population have been reported to 

range from 11% to 31%.12 The additional costs associated with recurrent instability would need to be 

considered to fully understand the opportunities for cost-reduction and value improvement. To receive 

a wholistic view of the costs, a cross-department study consisting of orthopedics, radiology, anesthesia, 

emergency medicine, physical therapy and nursing should be pursued. Additionally, there are economic 

variables not considered in our study (such as days missed from work/school, transportation cost, ect) 

which would provide deeper insight into the cost of the condition at a societal level. 

Conclusion 

Time driven activity-based costing provides more accurate costing data than the traditionally employed 

ratio-of-cost-to-charge or reimbursement-based methods. In this study we successfully applied TDABC 

methodology to calculate the true cost of providing surgical care for anterior shoulder instability as 

$9,666. Our analysis uncovered the great variability in resource utilization throughout the care cycle, 

both in the quantity of resources utilized and in the cost of substitutable resources. The granular nature 

of the analysis enabled us to recognize a few elements of variation which may be readily standardized, 

leading to an immediate 8% reduction in costs.  

Acknowledgements  

First, I would like to thank my mentor Donald Bae, MD for the continuous support and guidance he 

provided throughout this process. Peter Waters, MD, Chief of Orthopaedic Surgery at BCH, also played a 

pivotal role both in enabling this study to happen and in sharing his immense knowledge. I would like to 

thank Benton Heyworth, MD, Mininder Kocher, MD, MPH, and Dennis Kramer, MD for their 

participation in this study. Katherine Tecci, Director of Business Operations at BCH, played a primary role 

in collection of cost information. Thank you to Brady Evans MD, MBA, Resident Physician of Harvard 

Combined Orthopedic Program, for his support in project design, chart review, and analysis. Finally, I 

would like to thank my wife, Sara Wickman, for her endless support both in this endeavor and in my 

pursuit of a medical career.  

  



10 
 

References 

1.  Kaplan, Robert S., Anderson, Steven R. Time-Driven Activity-Based Costing. Harvard Business Review 

2004; 82:131-8. 

 2. Health Care Costs: A Primer. The Henry J Kaiser Family Foundation, May 2012 

(https://www.kff.org/health-costs/issue-brief/health-care-costs-a-primer/). 

 3.  Kaplan, Robert, Porter, Michael. How to Solve the Cost Crisis in Health Care. Harvard Business 

Review 2011; 89:46-52. 

4.  Kelley, Robert. Where Can $700 Billion in Waste be Cut Annually from the U.S. Healthcare System? 

Thomson Reuters Foundation, October 2009 

(http://www.factsforhealthcare.com/whitepaper/HealthcareWaste.pdf). 

5.  Kelley, Robert. Where Can $700 Billion in Waste be Cut Annually from the U.S. Healthcare System? 

Thomson Reuters Foundation, October 2009 

(http://www.factsforhealthcare.com/whitepaper/HealthcareWaste.pdf). 

6.  Kaplan, Robert, Porter, Michael. How to Solve the Cost Crisis in Health Care. Harvard Business Review 

2011; 89:46-52. 

7.  Kaplan RS, Witkowski M, Abbott M, Guzman AB, Higgins LD, Meara JG, Padden E, Shah AS, Waters P, 

Weidemeier M, Wertheimer S, Feeley TW. Using time-driven activity-based costing to identify value 

improvement opportunities in healthcare. J Healthc Manag. 2014 Nov-Dec;59(6):399-412. PubMed 

PMID: 25647962. 

8.  AAOS Member Census 2011 

9. Kaplan, Robert, Porter, Michael. How to Solve the Cost Crisis in Health Care. Harvard Business Review 

2011; 89:46-52. 

10.  Bureau of Labor Statistics, U.S. Department of Labor, Occupational Outlook Handbook. 

(https://www.bls.gov/ooh/healthcare/). 

11. Maruthappu M, Duclos A, Lipsitz SR, Orgill D, Carty MJ. Surgical learning curves and operative 

efficiency: a cross-specialty observational study. BMJ Open. 2015 Mar 13;5(3):e006679. doi: 

10.1136/bmjopen-2014-006679. PubMed PMID: 25770229; PubMed Central PMCID: PMC4360802. 



11 
 

12. Milewski MD, Nissen CW. Pediatric and adolescent shoulder instability. Clin Sports Med. 2013 

Oct;32(4):761-79. doi: 10.1016/j.csm.2013.07.010. Review. PubMed PMID: 24079433.  



12 
 

Tables and Figures 

Figure 1: Time stamped process map of preoperative clinic visit
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Figure 2: Time stamped map of day of surgery 
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Figure 3: Time stamped process map of postoperative clinic visit  
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Figure 4: Proposed care pathway for treatment of anterior instability 
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Table 1: Resource utilization by resource type among four BCH orthopaedic surgeons 

Resource Mean Min Max 

Pre-op Clinic Visits 1.61 0.00 11.00 

Radiograph 0.60 0.00 3.00 

CT 0.04 0.00 1.00 

MRI 0.50 0.00 2.00 

MRA 0.64 0.00 2.00 

Cannulas 1.67 1.00 2.00 

Anchors 3.24 1.00 6.00 

Time in Operating Room (min) 150.44 94.00 294.00 

Surgeon Time in operating Room (min) 121.97 65.00 245.00 

PACU time 101.18 45.00 191.00 

Post-op Clinic Visits 3.64 0.00 8.00 

 

Table 2: Capacity Cost Rate of BCH Personnel 

Personnel Type Capacity Cost Rate ($/min) 

Orthopedic Attending 3.73 

Anesthesiologist 2.16 

Nurse Anesthetists 1.55 

Nurse Practioner 1.01 

Physician Assistant 0.98 

Registered Nurse 0.68 

Surgical Technician 0.45 

Fellow 0.36 

Resident 0.28 

 

Table 3: Distribution of Costs by Resource Type 

Resource Type Mean Cost Percent of total 

Personnel  $    1,137.73  12% 

Consumables  $    1,255.53  13% 

Space and Equipment  $    4,765.96  49% 

Imaging  $    2,507.39  26% 

Total  $    9,666.61  
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Table 4: Distribution of Cost by Phase 

Phase Cost Percent of Total 

Preoperative $    2,625.17 27% 

Day of Surgery $    6,921.75 72% 

Postoperative $       119.69 1% 

Total $    9,666.61 
  


