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Abstract: The emphasis on value-based payment models for primary total hip replacement (THA)
results in a greater need for orthopaedic surgeons and hospitals to better understand actual costs and
resource use. Time-Driven Activity-Based Costing (TDABC) is an innovative approach to measure
expenses more accurately and address cost challenges. It estimates the quantity of time and the cost
per unit of time of each resource (e.g., equipment and personnel) used across an episode of care.
Our goal is to understand the true cost of a THA using the TDABC in an Italian public hospital and
to comprehend how the adoption of this method might enhance the process of providing healthcare
from an organizational and financial standpoint. During 2019, the main activities required for
total hip replacement surgery, the operators involved, and the intraoperative consumables were
identified. A process map was produced to identify the patient’s concrete path during hospitalization
and the length of stay was also recorded. The total inpatient cost of THA, net of all indirect costs
normally included in a DRG-based reimbursement, was about EUR 6000. The observation of a total
of 90 patients identified 2 main expense items: the prosthetic device alone represents 50.4% of the
total cost, followed by the hospitalization, which constitutes 41.5%. TDABC has proven to be a
precise method for determining the cost of the healthcare delivery process for THA, considering
facilities, equipment, and staff employed. The process map made it possible to identify waste and
redundancies. Surgeons should be aware that the choice of prosthetic device and that a lack of
pre-planning for discharge can exponentially alter the hospital expenditure for a patient undergoing
primary THA.

Keywords: TDABC; ABC; value-based health care; VBHC; hospital costs; costs and costs analysis;
THA; outcomes; decreasing costs; optimization

1. Introduction

Osteoarthritis (OA) is one of the most common chronic degenerative diseases affecting
a wide range of the population, as well as one of the most frequent causes of disability
in the elderly. Symptomatic osteoarthritis is estimated to affect, in Italy alone, at least
4 million people, with a public annual cost of approximately EUR 6.5 billion [1,2]. Total hip
arthroplasty (THA) is considered the best solution for the treatment of patients with severe
hip osteoarthritis [3].

In 2019, 118,673 hip replacement surgeries were performed in Italy, and this number
is increasing at a rate of approximately 2.7% per year: in 2017 and 2018, the number of
surgeries were 112,375 and 115,308, respectively [4,5]. This pattern is in line with the
Organization for Economic Co-operation and Development (OECD) data, which reveals a
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significant rise in THAs for the majority of OECD nations [6]. In the pre-COVID period, the
reimbursement by the Italian National Health System related to arthroplasty surgery was
about EUR 1,625,853,413 [7]. Due to its significant effect on healthcare system costs and the
high frequency and demand for this surgical procedure, many authors have defined THA
complications as a real health emergency [8,9]. This is also the reason for an increasing
interest in understanding the real cost related to this procedure.

In fact, using resources for acquiring important information for the entire activity of
healthcare organizations is crucial in the era of value-based healthcare. Tools for manage-
ment accounting might be regarded helpful for information gathering in the context of
healthcare, in order to accomplish this purpose. The costs of medical treatments calculated
using Activity Based Costing (ABC) tend to have more accuracy in the computation of re-
source consumption than standard cost accounting systems, among other techniques of cost
calculation or reimbursement, such as Diagnosis-Related Groups (DRG) [10]. Furthermore,
the capacity to precisely identify expenses at the level of the treatment process and manage
the complexities associated with accounting in the healthcare sector make the Time-Driven
Activity-Based Costing (TDABC) [11,12] the most effective and straightforward instrument,
even when compared to the traditional ABC. TDABC is an innovative approach used to
measure costs more accurately by estimating the amount of time and cost per unit of time
each provider uses during a care episode. For example, if a staff member spends 30 min
with a patient and that staff member’s time cost is EUR 100 per hour, the cost of interacting
with that patient is EUR 50.

In addition, the use of the TDABC method estimates the practical capacity (i.e., actual
production time) of each element providing capacity (operator and equipment) and the
average time required for each element to carry out the action, on the basis of observation,
data collection, and questionnaires. The improved process consistency makes TDABC
particularly appropriate for the surgical area [13].

This “bottom-up” accounting method makes it possible to identify transparent analy-
ses of the entire care cycle by adding up the individual costs of all the resources used by a
single patient [13].

Furthermore, this model allows to redesign the process in order to reduce costs,
incorporate new activities in the care cycle, make changes and, above all, it allows to
compare the best pathway and offer the patient the best available solution, identifying
areas for improvement in terms of time, goods consumed, and the activities carried out.

Clinical management, including medical professionals and support employees, would
greatly benefit from this development in healthcare since it would make it easier for them to
quickly assess a treatment’s efficacy and resources usage. TDABC’s process mapping might
reveal which processes offer the most value, if waste can be reduced, and whether resources
are being underutilized from the standpoint of redesigning the delivered healthcare process
to create high value for the patient. According to numerous authors [13–16], its use in
orthopaedic surgery is very suited. The ability of an activity-based methodology to not
only supply more information but also to provide better detail and higher timeliness of the
same, constituting a legitimate support to the decision-making process, is another point
on which all of these authors agree. Furthermore, the use of this technique lowers the
percentage of unspecified allocated overhead costs, and process mapping makes it easier to
oversee every step of the process efficiently, taking corrective action as needed [17]. The
resources used and the actions performed are precisely specified, ensuring that the cost
analysis is accurate and complete [18].

A recent systematic review concluded that TDABC can help overcome a key challenge
associated with current cost accounting methods and should be gradually incorporated
into functional systems [12].

Additionally, the information gathered and the methods used to identify expenses
improve the transparency in the business management that enable, as shown by the
research by Demeere N. et al. [19], an internal examination aimed at establishing a reference
benchmark and creating value.
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The goal of this pilot study is to understand the true cost of a total hip replacement
using the TDABC in an Italian public hospital and to comprehend how the adoption of
this method might enhance the process of providing healthcare from an organizational and
financial standpoint.

2. Materials and Methods
2.1. Study Design

During 2019 a prospective experimental case study [20,21] was conducted in a public
hospital in central Italy. The orthopaedic department under observation is made up of
26 hospital beds, 7 orthopaedic and trauma surgeons, and 4 residents; it is part of a regional
HUB and performs about 1600 orthopaedic surgeries per year.

Using the TDABC, details regarding all the activities, consumables, and participating
healthcare professionals were gathered. Seven steps have been methodologically intro-
duced, as is specifically mandatory for the use of this tool [12], and they are identified by
the increasing number in brackets of the following paragraphs.

All procedures were performed in accordance with ethical standards, and the study
protocol was approved by the Internal Review Board of authors’ affiliated Institution
(authorization number 22/2022).

2.2. Study Participants

(1) Inclusion criteria: patients 60–80 years old, suffering from primary hip arthritis
with indication for THA. Patients with concomitant femoral neck fractures, cemented
prostheses, intraoperative fractures, or systemic complications (such as cardiopulmonary
diseases, which would have increased standard surgical times) were excluded.

2.3. Measurement

To comprehend how patients move through the care cycle and quantify the usage of
human resources by activity, a process map for primary hip replacement was created from
the entrance in the operating room to the exit (2).

Direct observation, interviews, and multidisciplinary care plan validation sessions
with frontline personnel were used to build process maps with time estimates for each
stage. The necessary resources for each process step (such as staff and consumables like
implants) were noted (3).

We calculated the overall expenses over a patient’s cycle of care after estimating the
cost of providing each service based on the time needed for each resource type (4).

The questions performed to the healthcare staff are listed in the Appendix A (Table A1).

2.4. Costs Analysis of Hip Arthroplasty

(5) The average price stated by the regional fee schedules as compensation for services
rendered in pre-hospitalization was used as a reference point to determine the cost of pre-
hospitalization exams [22]. The cost of the majority of consumer goods used throughout the
entire therapeutic process was provided by the Director of hospital’s pharmacy by filling
out a pre-set table based on the information needs derived from the process maps; the cost
of the prosthetic device was obtained by extracting the price from the purchase of regional
tender. The hourly cost of an active operating room used for major hip surgery, net of
material, and labour costs, was derived from the literature [23], as well as the average cost
of a day of hospitalization [24]. (6) Comparing the average monthly pay of the operators
with the actual amount of time spent delivering the health service, the capacity cost rate [11],
defined as practical capacity of each active operator, was determined. This method was
used for all the operators present, taking into account the different remuneration (7). It
is important to point out that in the Italian system, the salary for clinical staff in a public
hospital is regulated nationally on a monthly basis. There is no difference pay based on the
procedures carried out; rather, it is dependent on the total number of hours worked each
month and the operators’ seniority.
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Finally, to define the total cost of hip arthroplasty, from the admission to the patient’s
discharge, all the calculated expenses (pre-operative tests + hospitalization + theatre +
general consumer goods + prosthesis + staff employed) were added up.

3. Results

Ninety patients who met our inclusion criteria were included in this study. The ce-
mentless prosthetic implant was the same for each patient and the surgical team was the
same for all operations. The average of actions and time spent on these patients made up
the process map shown in Figure 1: this diagram outlines the arthroplasty operating day
including anaesthesia preparation, surgical preparation, and surgery. From the moment
the patient enters the pre-operative room until the last radiographic control following the
surgery, the estimated time for the intervention is, on average, 90 min.
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Table 1. The cost refers to the total minutes spent by each health worker during the procedure. 

Helthcare Professional Monthly Pay Total Time Spent Total Cost 

Orthopaedic Surgeons (x 2) EUR 5330  39 min for each 
surgeon 

EUR 45.59  

Orthopaedic surgeon (x 1) EUR 5330  55 min EUR 32.14  
Anaesthesiologist EUR 6000  90 min EUR 59.21  

Nurses (x 2) EUR 2052  
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nurse EUR 40.80  

Nurse (x 1) EUR 2052  90 min EUR 21.60  
TOTAL COST   EUR 201.74  

Table 2. The grouped-by-stage cost of consumables charged for each operation performed by 
healthcare professionals. 

Stage Cost of Consumables 
Pre-operating room EUR 8.44  

Anesthesia and surgical field EUR 42.25  
Position of patient EUR 18.16  

Surgery (prosthetic implant excluded) EUR 13.01  
Suture and dressing EUR 15.16  

TOTAL COST EUR 97.02  
  

Figure 1. Process map of THA. The large boxes represent activities with arrows indicating sequence.
The personnel ID is in the upper smaller boxes (see legend) while the numbers in the smaller boxes
correspond to minutes used per activity.

The healthcare delivery process of THA in the hospital analysed involved seven
healthcare professions, in particular:

- Three orthopaedic surgeons (one involved for 55 min and two involved for 39 min);
- One anaesthesiologist (involved all the time);
- One nurse dedicated to the anaesthesiologist (involved all the time);
- One surgical nurse (involved 85 min);
- One general nurse (involved 85 min).

The pre-operative tests, including blood tests, chest X-ray, pelvic X-ray, ECG, and
anaesthesia evaluation reached a total cost of EUR 90.29 per patient, according to the
regional fee.

The total cost related to the personnel involved in the THA implantation procedure
is EUR 201.34 and it is shown in detail in Table 1. Considering the average of the wages
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specified in the Italian National Labour Contract for operators with that level of experience,
36 h per week were calculated for nurses, and 38 h per week for doctors.

Table 1. The cost refers to the total minutes spent by each health worker during the procedure.

Helthcare Professional Monthly Pay Total Time Spent Total Cost

Orthopaedic Surgeons (x 2) EUR 5330 39 min for each surgeon EUR 45.59
Orthopaedic surgeon (x 1) EUR 5330 55 min EUR 32.14

Anaesthesiologist EUR 6000 90 min EUR 59.21
Nurses (x 2) EUR 2052 85 min for each nurse EUR 40.80
Nurse (x 1) EUR 2052 90 min EUR 21.60

TOTAL COST EUR 201.74

The cost of the consumables charged for each operation performed by healthcare
professionals was grouped by stage, and it represents an expense of EUR 97.02 (Table 2).

Table 2. The grouped-by-stage cost of consumables charged for each operation performed by
healthcare professionals.

Stage Cost of Consumables

Pre-operating room EUR 8.44
Anesthesia and surgical field EUR 42.25

Position of patient EUR 18.16
Surgery (prosthetic implant excluded) EUR 13.01

Suture and dressing EUR 15.16
TOTAL COST EUR 97.02

The cost of each consumable item is listed in the Appendix A (Table A2).
The final cost of the implanted prosthetic device was EUR 3029.208 according to the

regional tender, and it is analysed in Table 3.

Table 3. The total cost of prosthesis refers to the specific components used.

Purchase Prices of Prostheses
1. Cup EUR 786.60
2. Insert EUR 425.60
3. Head EUR 280.25
4. Stem EUR 1420.25

Total without VAT EUR 2912.70
VAT EUR 4%

TOTAL COST EUR 3029.21

The cost of an active operating room used for major hip surgeries, minus material and
labour expenses, was calculated by Cinquini et al. [23], who estimated an hourly cost of
EUR 90 for the theatre. By multiplying the hourly cost by the amount of time spent in the
operating room for the procedure (90 min), a cost of EUR 135 was obtained.

The average inpatient stay was 3.7 days. On 2007, the Italian Ministry of Economy
and Finance estimated the average cost of hospitalization to be EUR 674 per day [24]. The
final cost of hospitalization was calculated by multiplying the average daily cost of a day
by the number of days spent in the hospital by the patient, resulting in EUR 2493.80.

The total cost of THA from pre-operative tests to discharge is EUR 6002.06. It is
presented in detail in Table 4.
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Table 4. The sum of all cost items calculated by the TDABC approach.

Inpatient Total Cost of Tha

1. Pre-operative tests EUR 90.29
2. Hospitalization EUR 2493.80
3. Operating room EUR 135.00

4. Consumables EUR 97.02
5. Prosthesis EUR 3029.21
6. Personnel EUR 201.74

FINAL COST EUR 6002.06

4. Discussion

The world health system is facing an unprecedented period of change and crisis. The
ongoing war in Eastern Europe and the post-COVID crisis have also caused an increase
in national healthcare spending, predictably far greater than inflation. This unsustainable
health care expenditure has increased the demand for providing high quality care while
reducing the costs of delivering these outcomes. The main finding of this pilot study is that
the TDABC methodology can also be applied in an Italian public hospital and provides
a complete and detailed description of the patient’s path, of the staff involved, and an
accurate understanding of the operation costs.

The value of health care, defined by health outcomes achieved for every dollar
spent [25], can be improved if costs and outcomes are measured in sufficient detail to
assess the impact of changes in care systems and processes [26,27]. It is not just economic
stuff, since knowing organizational and clinical details can allow healthcare professionals
to redesign care processes with a patient-centred view, thus providing the best possible
care using resources efficiently.

An accurate understanding of costs is important for the effective implementation of
cost saving strategies. Elective orthopaedic surgeries are often standardized and in order
to increase the efficiency of such surgical procedures it is essential to develop process
maps for each step of care in the total joint replacement. In this way, we will be able to
identify redundancies and welfare inefficiencies, whose financial impact was not previously
detectable due to the lack of detailed analysis of the processes obtained with traditional
accounting methods. On the other hand, the times and consumables used are certainly
different, depending on the surgeon’s background, on the adhesion of the operating team to
the most recent evidence-based scientific literature, or to guidelines. It is crucial to point out
that regardless of the structure or volume of surgeons, standardization is associated with
better processes and outcomes for patients undergoing THA and thus process mapping
can also help improve procedures, increase productivity, and raise the number of hip
replacement surgeries performed. The mapping of the clinical path, in fact, allows us to
understand the connections between the activities, operators, roles, and responsibilities of
the care delivery cycle. In addition, this allows service providers to have a better awareness
of the costs related to certain services and allows them to evaluate the effects of changes to
support systems and procedures.

The TDABC has been described by a number of authors as a managerial tool that
promotes collaboration between medical professionals and support staff by outlining every
step of the value-creation process [17–19]. In our experience, the total composition of
the cost of a hospitalized patient to undergo THA has two major economic items: the
component that has the greatest impact on this value is the cost of the prosthetic device,
which alone represents 50.4% (about EUR 3000) of the total cost, followed by costs relating
to hospitalization, which constitute 41.5% (about EUR 2500).

Our results agree with the literature showing that the largest and most common direct
cost is the purchase price of the implant [28]. This is a common finding both in the literature
on hip and knee arthroplasty [29], and in shoulder prostheses [30]. Robinson et al. showed
that the average cost of the implant per case can range from USD 2392 to USD 12,651 for
total hip replacement procedures [31].
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Haas et al. [32] recently noted that hospitals using a joint committee of hospital
administrators and surgeons to negotiate prices with vendors paid 17% less for implants
than institutions without a joint purchasing committee.

Therefore, with a view to improving the efficiency or comparing costs with other
institutes and methodologies, these data highlight the importance of rationalizing purchases
and, where possible, reducing hospital stays.

While directly decreasing medication and personnel costs may not be feasible, indi-
rectly lowering costs by reducing length of stay must be an area for improvement. It is
proven that the common reasons why patients need to stay an extra day in hospital after
joint replacement are outdated customs, unscientific fears and, at best, problems related to
pain and social support, all potentially responsive to initiatives of quality improvement [33].
Strategies to reduce length of stay after THA have to start the first moment surgery is con-
sidered, ensuring adequate postoperative social support and setting realistic expectations
about pain management [30].

Finally, to achieve higher-value care for patients undergoing THA, TDABC costs must
be linked to patient experience, quality of life, and functional outcomes, which is the object
of our future research. Nevertheless, this study is an important step toward introducing
clarity into the cost conundrum of THA and will hopefully stimulate further research into
this increasingly important topic.

Obviously, this study has limitations. First of all, as a pilot experiment it is a small-
scale preliminary observational study undertaken to decide how and whether to start a
large-scale project, which could aim at collecting data from multiple institutes in order to
integrate and compare the results obtained in a public hospital with those obtainable in
a private or university hospital. Secondly, it is important to underline that TDABC does
not contain all expenses calculations usually included in a DRG-based reimbursement: it is
a method to determine the cost of the process. The object cost is the healthcare delivery
process of total hip replacement in the hospital. From this perspective, it may appear that
the TDABC process does not fully account for all indirect and THA-related costs (such as
administrative, research, or sterile treatment), nor time spent caring for the patient outside
the hospital, such as medication, rehabilitation, and social support, but it does account
for facilities, equipment, information technology, and most other traditional “overhead”
costs [34]. In addition, our exclusion criteria reflect the assumption that surgery and
postoperative recovery are without complications, which obviously would add costs to
both staff and medications, blood transfusions, any new surgeries, and, in any case, a
longer length of stay, which would certainly amplify the costs.

5. Conclusions

Time-Driven Activity-Based Costing provides an accurate assessment of costs in the
field of hip replacement. The implementation of this methodology gives us more precise
and detailed expense advice, a clear path of the patient, and information on the times and
staff involved in each activity.

A careful choice of the prosthetic device among the wide range of offers on the market
and a premeditated planning of the discharge can drastically reduce the hospital costs of a
THA, without cutting staff or medications.
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Appendix A

Table A1. Questions submitted to the clinical staff.

1. How many operators are engaged during the surgery?
2. How long is the procedure?
3. What is the patient’s path through the operating unit?
4. What is the timing of each stage of surgery?
5. Are all operators present at each stage?
6. What are the tasks of each individual operator in each phase?
7. What consumables are needed?

Table A2. Unit costs consumables. Due to the low cost of the single element, cents were kept in.

Unit Cost Cost by Quantity

Pre operating room:

Cannula 0.3416 EUR 0.3416 EUR

Betadine 0.99 EUR 0.99 EUR

Patch (9 mt roll) 0.28 EUR 0.005612 EUR

Saline solution 0.5 lt 0.37 EUR 1.122 EUR

Antibiotic:

- Cefamezin 0.87 EUR 0.869 EUR

- Amicasil 0.55 EUR 0.55 EUR

Anti-allergic prophylaxis:

- Flebocortid 1 g 3.25 EUR 3.245 EUR

- Trimeton 0.99 EUR 0.99 EUR

Needle 0.01 EUR 0.03 EUR

ECG Electrodes 0.10 EUR 0.2928 EUR

Washing:

- Sponges 0.38 EUR 1.891 EUR

- Caps 0.02 EUR 0.1952 EUR

- Face mask 0.05 EUR 0.3416 EUR

Anesthesiologist:

Sterile dressing (3 pack) 0.46 EUR 0.9272 EUR

Latex gloves 0.20 EUR 1.7568 EUR

Spinal needle 0.85 EUR 0.854 EUR

Syringe 0.02 EUR 0.0488 EUR

Chirocaine 8.80 EUR 8.8 EUR

Dressing 0.28 EUR 0.2806 EUR
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Table A2. Cont.

Unit Cost Cost by Quantity

Surgeons/Nurse:

Nurse Scrub 5.25 EUR 5.246 EUR

Surgeons scrubs 5.25 EUR 15.738 EUR

Hip prosthesis disposable kit 24.34 EUR 24.339 EUR

Aspirator/Hoses 0.76 EUR 0.7564 EUR

Electrosurgery equipment 3.12 EUR 3.1232 EUR

Scalpel blade 0.06 EUR 0.122 EUR

Disinfection pads (pack of 10) 0.05 EUR 0.0976 EUR

Oprafol 8.91 EUR 8.906 EUR

Drainage 4.39 EUR 4.392 EUR

Silkam 0 1.10 EUR 2.196 EUR

Safil1 2.81 EUR 5.612 EUR

Vicryl 2 1.10 EUR 2.196 EUR

Absorbent dressing. 0.73 EUR 0.732 EUR

Specific patch (10 mt roll) 1.71 EUR 0.03416 EUR

References
1. Veronese, N.; Cereda, E.; Maggi, S.; Luchini, C.; Solmi, M.; Smith, T.; Denkinger, M.; Hurley, M.; Thompson, T.; Manzato, E.

Osteoarthritis and Mortality: A Prospective Cohort Study and Systematic Review with Meta-Analysis. Semin. Arthritis Rheum.
2016, 46, 160–167. [CrossRef] [PubMed]

2. Fidanza, A.; Leonardi, E.; Migliore, E.; Calvisi, V.; Indelli, P.F. Isolation, Cell Culture and Characterization of Autologous
Mesenchymal Stem Cells from Adipose Tissue and Bone Marrow Older Donors: An Alternative Approach of Cell Therapy in the
Orthopaedics. G. Ital. Di Ortop. E Traumatol. 2022, 48, 82–92.

3. Ghirardelli, S.; Touloupakis, G.; Antonini, G.; Violante, B.; Fidanza, A.; Indelli, P.F. Debridement, Antibiotic, Pearls, Irrigation and
Retention of the Implant and Other Local Strategies on Hip Periprosthetic Joint Infections. Minerva 2022, 73, 409–415. [CrossRef]

4. Torre, M.; Carrani, E.; Luzi, I.; Ceccarelli, S.; Laricchiuta, P. Registro Italiano ArtroProtesi. Rep. Annu. 2018, 57, 132–133.
5. Torre, M.; Ceccarelli, S.; Carrani, E. Il Registro Italiano ArtroProtesi: Uno Strumento per Potenziarela Sicurezza Dei Pazienti; Bollettino

Epidemiologico Nazionale; ISS Istituto Superiore di Sanità: Rome, Italy, 2019.
6. OECD. Hip and knee replacement. In Health at a Glance 2021: OECD Indicators; OECD Publishing: Paris, France, 2021.
7. Ministero della Salute. Rapporto Annuale sull’Attività di Ricovero Ospedaliero (Dati SDO 2019). Available online: https:

//www.salute.gov.it/portale/documentazione/p6_2_2_1.jsp?lingua=italiano&id=3002 (accessed on 8 April 2022).
8. Parisi, T.J.; Konopka, J.F.; Bedair, H.S. What Is the Long-Term Economic Societal Effect of Periprosthetic Infections after THA? A

Markov Analysis. Clin. Orthop. Relat. Res. 2017, 475, 1891–1900. [CrossRef]
9. Ghirardelli, S.; Fidanza, A.; Prati, P.; Iannotti, F.; Indelli, P.F. Debridement, Antibiotic Pearls, and Retention of the Implant in the

Treatment of Infected Total Hip Arthroplasty. HIP Int. 2020, 30, 34–41. [CrossRef]
10. Agyar, E.; Ayten, E.; Mehmet, B.; Murat, U. A Practical Application of Activity Based Costing in an Urology Department. In

Proceedings of the 7th Global Conference on Business and Economics, Rome, Italy, 13–14 October 2007.
11. Kaplan, R.S.; Porter, M.E. How to Solve the Cost Crisis in Health Care. Harv. Bus. Rev. 2011, 89, 46–52.
12. Keel, G.; Savage, C.; Rafiq, M.; Mazzocato, P. Time-Driven Activity-Based Costing in Health Care: A Systematic Review of the

Literature. Health Policy 2017, 121, 755–763. [CrossRef]
13. Akhavan, S.; Ward, L.; Bozic, K.J. Time-Driven Activity-Based Costing More Accurately Reflects Costs in Arthroplasty Surgery.

Clin. Orthop. Relat. Res. 2016, 474, 8–15. [CrossRef]
14. DiGioia, A.M., III; Greenhouse, P.K.; Giarrusso, M.L.; Kress, J.M. Determining the True Cost to Deliver Total Hip and Knee

Arthroplasty over the Full Cycle of Care: Preparing for Bundling and Reference-Based Pricing. J. Arthroplast. 2016, 31, 1–6.
[CrossRef]

15. Palsis, J.A.; Brehmer, T.S.; Pellegrini, V.D.; Drew, J.M.; Sachs, B.L. The Cost of Joint Replacement: Comparing Two Approaches to
Evaluating Costs of Total Hip and Knee Arthroplasty. JBJS 2018, 100, 326–333. [CrossRef]

http://doi.org/10.1016/j.semarthrit.2016.04.002
http://www.ncbi.nlm.nih.gov/pubmed/27179749
http://doi.org/10.23736/S2784-8469.21.04173-0
https://www.salute.gov.it/portale/documentazione/p6_2_2_1.jsp?lingua=italiano&id=3002
https://www.salute.gov.it/portale/documentazione/p6_2_2_1.jsp?lingua=italiano&id=3002
http://doi.org/10.1007/s11999-017-5333-6
http://doi.org/10.1177/1120700020929314
http://doi.org/10.1016/j.healthpol.2017.04.013
http://doi.org/10.1007/s11999-015-4214-0
http://doi.org/10.1016/j.arth.2015.07.013
http://doi.org/10.2106/JBJS.17.00161


J. Clin. Med. 2022, 11, 6928 10 of 10

16. Schettini, I.; Palozzi, G.; Chirico, A. Mapping the Service Process to Enhance Healthcare Cost-Effectiveness: Findings from the
Time-Driven Activity-Based Costing Application on Orthopaedic Surgery. In Service Design Practices for Healthcare Innovation:
Paradigms, Principles, Prospects; Pfannstiel, M.A., Brehmer, N., Rasche, C., Eds.; Springer International Publishing: Cham,
Switzerland, 2022; pp. 235–251. ISBN 978-3-030-87273-1.

17. Dombrée, M.; Crott, R.; Lawson, G.; Janne, P.; Castiaux, A.; Krug, B. Cost Comparison of Open Approach, Transoral Laser
Microsurgery and Transoral Robotic Surgery for Partial and Total Laryngectomies. Eur. Arch. Otorhinolaryngol. 2014, 271,
2825–2834. [CrossRef]

18. Baratti, D.; Scivales, A.; Balestra, M.R.; Ponzi, P.; Di Stasi, F.; Kusamura, S.; Laterza, B.; Deraco, M. Cost Analysis of the Combined
Procedure of Cytoreductive Surgery and Hyperthermic Intraperitoneal Chemotherapy (HIPEC). Eur. J. Surg. Oncol. (EJSO) 2010,
36, 463–469. [CrossRef] [PubMed]

19. Demeere, N.; Stouthuysen, K.; Roodhooft, F. Time-Driven Activity-Based Costing in an Outpatient Clinic Environment: Develop-
ment, Relevance and Managerial Impact. Health Policy 2009, 92, 296–304. [CrossRef] [PubMed]

20. Yin, R.K. Case Study Research and Applications: Design and Methods; Sage Publications: Thousand Oaks, CA, USA, 2017.
21. Scapens, R.W. Doing Case Study Research. In The Real Life Guide to Accounting Research; Elsevier: Amsterdam, The Netherlands,

2004; pp. 257–279.
22. Available online: https://sanita.regione.abruzzo.it/canale-assistenza-territoriale/catalogo-prestazioni (accessed on 11 Novem-

ber 2022).
23. di Lino Cinquini, P.M.V.; Pitzalis, A.; Campanale, C. Titolo: Il Costo Dell’intervento Chirurgico in Laparoscopia con l’Activity Based

Costing; Associazione Italiana Economia Sanitaria: Milan, Italy, 2003; pp. 1–23.
24. Italia Ministero dell’Economia e delle Finanze; Commissione Tecnica per la Finanza Pubblica. Libro Verde Sulla Spesa Pubblica.

Spendere Meglio: Alcune Prime Indicazioni; Ministero dell’Economia e delle Finanze: Roma, Italy, 2007; pp. 36–57.
25. Porter, M.E. What Is Value in Health Care. N. Engl. J. Med. 2010, 363, 2477–2481. [CrossRef]
26. Porter, M.E. A Strategy for Health Care Reform-Toward a Value-Based System. N. Engl. J. Med. 2009, 361, 109–112. [CrossRef]

[PubMed]
27. Porter, M.E.; Teisberg, E.O. Redefining Health Care: Creating Value-Based Competition on Results; Harvard Business Press: Boston,

MA, USA, 2006.
28. Pathak, S.; Snyder, D.; Kroshus, T.; Keswani, A.; Jayakumar, P.; Esposito, K.; Koenig, K.; Jevsevar, D.; Bozic, K.; Moucha, C. What

Are the Uses and Limitations of Time-Driven Activity-Based Costing in Total Joint Replacement? Clin. Orthop. Relat. Res. 2019,
477, 2071–2081. [CrossRef]

29. Navathe, A.S.; Troxel, A.B.; Liao, J.M.; Nan, N.; Zhu, J.; Zhong, W.; Emanuel, E.J. Cost of Joint Replacement Using Bundled
Payment Models. JAMA Intern. Med. 2017, 177, 214–222. [CrossRef]

30. Menendez, M.E.; Lawler, S.M.; Shaker, J.; Bassoff, N.W.; Warner, J.J.P.; Jawa, A. Time-Driven Activity-Based Costing to Identify
Patients Incurring High Inpatient Cost for Total Shoulder Arthroplasty. J. Bone Joint Surg. Am. 2018, 100, 2050–2056. [CrossRef]
[PubMed]

31. Robinson, J.C.; Pozen, A.; Tseng, S.; Bozic, K.J. Variability in Costs Associated with Total Hip and Knee Replacement Implants.
JBJS 2012, 94, 1693–1698. [CrossRef]

32. Haas, D.A.; Bozic, K.J.; DiGioia, A.M.; Song, Z.; Kaplan, R.S. Drivers of the Variation in Prosthetic Implant Purchase Prices for
Total Knee and Total Hip Arthroplasties. J. Arthroplast. 2017, 32, 347–350. [CrossRef] [PubMed]

33. Menendez, M.E.; Baker, D.K.; Fryberger, C.T.; Ponce, B.A. Predictors of Extended Length of Stay after Elective Shoulder
Arthroplasty. J. Shoulder Elbow. Surg. 2015, 24, 1527–1533. [CrossRef] [PubMed]

34. Koolmees, D.; Bernstein, D.N.; Makhni, E.C. Time-Driven Activity-Based Costing Provides a Lower and More Accurate As-
sessment of Costs in the Field of Orthopaedic Surgery Compared With Traditional Accounting Methods. Arthroscopy 2021, 37,
1620–1627. [CrossRef] [PubMed]

http://doi.org/10.1007/s00405-014-3056-9
http://doi.org/10.1016/j.ejso.2010.03.005
http://www.ncbi.nlm.nih.gov/pubmed/20363094
http://doi.org/10.1016/j.healthpol.2009.05.003
http://www.ncbi.nlm.nih.gov/pubmed/19505741
https://sanita.regione.abruzzo.it/canale-assistenza-territoriale/catalogo-prestazioni
http://doi.org/10.1056/NEJMp1011024
http://doi.org/10.1056/NEJMp0904131
http://www.ncbi.nlm.nih.gov/pubmed/19494209
http://doi.org/10.1097/CORR.0000000000000765
http://doi.org/10.1001/jamainternmed.2016.8263
http://doi.org/10.2106/JBJS.18.00281
http://www.ncbi.nlm.nih.gov/pubmed/30516628
http://doi.org/10.2106/JBJS.K.00355
http://doi.org/10.1016/j.arth.2016.07.030
http://www.ncbi.nlm.nih.gov/pubmed/27687807
http://doi.org/10.1016/j.jse.2015.02.014
http://www.ncbi.nlm.nih.gov/pubmed/25865089
http://doi.org/10.1016/j.arthro.2020.11.028
http://www.ncbi.nlm.nih.gov/pubmed/33232748

	Introduction 
	Materials and Methods 
	Study Design 
	Study Participants 
	Measurement 
	Costs Analysis of Hip Arthroplasty 

	Results 
	Discussion 
	Conclusions 
	Appendix A
	References

