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Lean management in total knee arthroplasty: A model for
efficiency and value-based care

Abstract

With rising procedure volumes, cost pressures, and
shorter hospital stays, the application of Lean
management principles offer substantial promise for
the pathway of total knee arthroplasty (TKA). This
editorial outlines how Lean and Lean Six Sigma
methodologies can be applied to TKA—covering
pre-operative pathway standardisation, intra-
operative workflow optimisation, implant and
instrument logistics, and post-operative care. Evi-
dence shows that process redesign can reduce
length of stay, time in the operating room, cancel-
lations, and wasted resources. Key success factors,
barriers, future directions and limitations are high-
lighted, with particular relevance for high-volume
arthroplasty centres and revision scenarios. The
concept is positioned as a model for clinical inno-
vation in arthroplasty services, aligning with the
ambitions of value-based care.

KEYWORDS
efficiency, lean management, total knee arthroplasty, value-
based care

INTRODUCTION

In today's orthopaedic practice, particularly in high-
volume arthroplasty centres, the current challenge
posed by the financial pressures facing most health-
care systems is twofold: maintaining excellent clinical
outcomes while delivering care more efficiently. The
pathway for primary—and increasingly revision—total
knee arthroplasty (TKA) places significant demands on
peri-operative logistics, instrumentation, team coordi-
nation and post-operative resources. In parallel, health-
economics and reimbursement models increasingly
emphasise value-based care—a delivery model in
which providers are paid based on patient health out-
comes rather than the volume of services rendered,
incentivising quality over quantity [10, 11, 13, 38].

Lean management—originally derived from indus-
trial manufacturing—is now recognised in healthcare
as a framework to systematically improve process flow,
eliminate waste and standardise work [5, 6, 13]. Not
only is it a cost-cutting exercise but a method to max-
imise value for patients. To fully understand its poten-
tial, one must understand its synergetic partner, Lean
Six Sigma. While Lean focuses on speed and the
removal of waste (non-value-added steps), Lean
Six Sigma focuses on precision and the removal of
variability [27, 34]. Together, they form a powerful tool
for surgical quality control.

Frameworks utilising these principles have demon-
strated measurable benefits in surgery [23, 33]. Recent
literature reports the enhancement of surgical path-
ways and rehabilitation through Lean Six Sigma
methodologies, describing Lean pathways in ortho-
paedics as ‘multiple wins’ for sustainability by reducing
waste, time and cost [23, 33]. One redesign of a joint
replacement programme in a Veterans Affairs hospital
achieved a 36% reduction in length of stay, attributed to
the systematic removal of process inefficiencies and
improved discharge coordination [13].

From a clinical and organisational perspective,
TKA represents an ideal model for Lean application [1,
36]. Its reproducible and outcome-driven nature al-
lows detailed pathway mapping and targeted process
optimisation. This editorial reviews the conceptual
framework, clinical relevance, and practical applica-
tion of Lean principles in TKA, aiming to highlight their
broader implications for efficiency and quality in
arthroplasty.

LEAN PRINCIPLES AND THEIR
RELEVANCE TO TKA

Lean methodology focuses on five core principles:
identifying value, mapping the value stream, creating
flow, establishing pull and pursuing perfection [18, 37].
In TKA, these translate into:

Abbreviations: ACL, anterior cruciate ligament; CPM, continuous passive motion; DOSA, day-of-surgery admission; PROMS, patient reported outcome measures;

TKA, total knee arthroplasty.
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» Value: Delivering optimal functional outcome, low
complication rate and high patient satisfaction.

* Value-stream mapping: Analysing every process
step—from referral and preoperative assessment to
surgery, rehabilitation, and discharge—identifying
delays, duplication and variability.

* Flow: Ensuring seamless progression through each
stage without unnecessary waiting, bottlenecks or
redundancy.

* Pull: aligning resources such that demand drives
supply-ready instrument sets, implant availability and
coordinated staff preparation.

» Perfection: ongoing monitoring, data-driven refine-
ment (using real-time metrics to adjust protocols)
and iterative improvement.

Current research underscores that Lean imple-
mentation in healthcare demands leadership, high-
quality training, cross-functional teams, and an em-
bedded improvement culture [20, 22]. In orthopaedics,
common ‘waste points’ include late cancellations, pro-
longed setup time, redundant preoperative testing,
inefficient instrument management, delayed mobilisa-
tion and prolonged discharge processes—all of which
are amenable to resign [15, 30].

WHY LEAN MATTERS: LESSONS
FROM HIGH-VOLUME
ARTHROPLASTY

The relevance of Lean is most established in high-
volume settings where process redesign has yielded
measurable benefits. The growing body of evidence
supports Lean interventions as both effective and
sustainable. Reported benefits include

* Reduced length of stay (by up to 36%) [13]

* Lower cancellation rates [15]

* Improved OR efficiency [32]

* Reduced material and sterilisation costs [29]

In this context standardising preoperative assess-
ment and patient education reduces cancellations and
improves scheduling reliability. Implementing day-of-
surgery admission (DOSA) and fast-track pathways
has been associated with shorter hospital stays and
improved throughput [8, 12, 14]. Studies regarding fast-
track concepts have demonstrated an improved
resource utilisation and bed turnover by using Lean Six
Sigma [28]. It is important to distinguish Fast-track from
Lean. Fast-track is the clinical protocol (e.g., multi-
modal analgesia, early mobilisation), whereas Lean is
the management system used to identify the barriers to
implementing that protocol efficiently.

At high-volume centres, structured preoperative
planning—including imaging, laboratory work, anaesthesia
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clearance and physiotherapy scheduling—creates pre-
dictable flow. Value-stream mapping helps eliminate
duplicate assessments and waiting times. The result is a
smoother admission process and a reduced overall time
from referral to discharge [12, 15, 30].

The operating room, the most resource-intensive
phase, shows measurable productivity gains through
process analysis and communication optimisation.
Research into instrument tray optimisation reduced
sterilisation workload and unnecessary material use,
yielding both economic and ecological benefits [36].
Lean strategies also include benchmarking of operative
steps—from anaesthetic induction to patient position-
ing, incision, component implantation, and closure.
Standardised time benchmarks in hip and knee ar-
throplasty have been shown to significantly reduced
variance and improved throughput [16].

Postoperative Lean optimisation focuses on early mo-
bilisation, structured physiotherapy, and coordinated
discharge planning. While concepts like early mobilisation
are standard in modern arthroplasty, Lean methodology
ensures their steps occur reliably for every patient by
removing system failures (e.g., lack of available phy-
siotherapists). By eliminating unnecessary postoperative
lab testing, routine continuous passive motions (CPM)
and prolonged inpatient observation, resource use
was reduced without compromising outcomes. These
modifications—carefully monitored through PROMs,
radiographic evaluation, and survivorship data—showed
equivalent or superior clinical results [3, 13]. It should be
emphasised, however, that efficiency must never com-
promise patient safety or quality—a principle to which we
remain particularly committed.

Multiple studies have concluded that Lean repre-
sents not only a cost-saving measure but a sustain-
able, patient-centred philosophy that aligns with long-
term value-based care [23, 31].

RELEVANCE BEYOND PRIMARY
TKA: THE REVISION SCENARIO

While Lean principles are ideal for standardising pri-
mary TKA, these concepts are especially relevant
complex scenarios. In revision TKA variability is inher-
ently higher and coordination with implant vendors and
intraoperative imaging adds complexity. This variability
in revision limits standardisation, but Lean and Lean
Six Sigma offers structure within variability through
predefined contingency pathways. A Lean mindset
supports risk-stratified scheduling and anticipatory
logistics, reducing important OR time [2, 9]. The
application of process discipline is even more essential
in revision TKA, where implant selection and variable
surgical demands require precise coordination [21, 35].

The application of these principles extends far
beyond TKAs. In shoulder arthroplasty, where setup
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complexity and implant inventory can be a challenge,
Lean and Lean Six Sigma logistics can streamline
implant availability and reduce tray wastage similar
to TKA. In high-turnover sports medicine proce-
dures, such as anterior cruciate ligament (ACL)
reconstruction, Lean and Lean Six Sigma can
improve turnover times in the OR, standardise graft
harvesting and preparation, significantly increasing
the number of cases per day [17, 24]. Even in trauma
surgeries, where predictability is usually low, Lean
and Lean Six Sigma can be applied. By creating
dedicated trauma pathways, the time-to theatre
can be reduced, thereby improving mortality and
morbidity [4, 26].

BRIDGING THE IMPLEMENTATION
AND TECHNOLOGICAL GAPS

A common limitation in applying Lean models is
implementation. Success depends on firm leadership
commitment, cross-disciplinary participation (surgeons,
anaesthetists, nurses and physiotherapists), reliable
data systems and continuous performance feedback
[20, 22, 25]. Barriers include resistance to change, lack
of training and misalignment between surgical sched-
uling and ward-level resources [7, 19].

While evidence is growing, the current literature
remains dominated by single-centre studies and pilot
projects. Future prospective, multi-centre analyses
should be conducted to validate these findings and
define metrics for benchmarking efficiency alongside
clinical outcomes. Lean is not a one-time intervention
but an evolving culture of critical evaluation and
adaptation.

POTENTIAL FOR ALGORITHMIC
AND DIGITAL INTEGRATION

The next stage of Lean in arthroplasty will likely involve
the integration of digital tools, predictive analytics, and
registry data. Potential directions include:

* Integration of Lean workflows with Al-based sched-
uling and real-time resource forecasting (using al-
gorithms to predict case duration based on patient
BMI, surgeon, historical data and comorbidities to
prevent under- or over-booking).

* Alignment with value-based reimbursement and
registry benchmarking to quantify both cost and
outcome efficiency.

» Extending Lean across the continuum of care,
including prehabilitation, outpatient physiotherapy
and telemonitoring.

» Continuous sustainability audits ensuring that
improvements persist beyond initial implementation.
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EXAMPLES OF POTENTIAL
CLINICAL APPLICATIONS

To fully realise the potential of Lean, beyond isolated
projects, their implementation should be illustrated with
concrete, step-by-step examples:

1. Pre-operative Pathway Standardisation

» Step 1: Map the value stream from referral to dis-
charge to identify bottlenecks, duplicate assess-
ments and waiting times.

+ Step 2: Implement standardised workflows, including
DOSA and fast-track pathways.

» Step 3: Create predictable flow via structured pre-
operative planning (imaging, labs, anaesthesia
clearance, physiotherapy scheduling).

2. Intra-operative Workflow and Logistics

» Step 1: Apply time benchmarks for operative steps
(induction, positioning, incision, implantation, clo-
sure) to reduce variance.

» Step 2: Optimise instrument trays to reduce ster-
ilisation workload and unnecessary material use.

» Step 3: Implement anticipatory logistics for revision
TKA to ensure implant and vendor coordination,
reducing valuable OR time.

3. Post-operative Recovery and Bed Utilisation

» Step 1: Implement protocols for early mobilisation
and structured physiotherapy.

» Step 2: Eliminate waste by removing unnecessary
postoperative lab testing and prolonged inpatient
observation.

» Step 3: Use coordinated discharge planning to
achieve shorter, predictable hospital stays.

LIMITATIONS AND THE HUMAN
FACTOR: IS LEAN “MEAN”

The transition of Lean from manufacturing industries to
the healthcare systems can be challenging. While rigid
and obligatory adherence to standardised surgical
durations can potentially compromise personalised
care and increase the chance of medical malpractice,
this reflects a flawed implementation rather than an
intrinsic failure of Lean. Correctly applied, Lean aims to
remove waste in order to facilitate patient—provider
interaction and patient care. Unlike unstructured intui-
tion, Lean offers a systematic frame work for identifying
and eliminating inefficiencies. However, its utility
depends on the context: while highly effective for
reproducible procedures like TKA, it is less suitable for
high acuity environments, where biological variabilities
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cause necessary deviation from standard work. Effi-
ciency should be viewed as a tool to optimise clinical
capacities, patient care and never as a metric that
supersedes clinical reasoning.

A CALL FOR CULTURAL
TRANSFORMATION

The total knee arthroplasty pathway derives a para-
digmatic example of how Lean management can rec-
oncile surgical excellence with economic responsibility.
By systematically mapping value streams, standardis-
ing workflows, and eliminating redundant steps, ortho-
paedic centres can deliver high-quality outcomes while
preserving resources.

Clinical experience suggests that even modest
process modifications—such as omitting drains, tour-
niquets, and unnecessary postoperative testing (e.g.,
routine coagulation profiles or electrolytes in
uncomplicated recoveries)—can yield measurable
benefits without jeopardising patient outcomes. Lean in
TKA is not merely a management concept; it is a
mindset of precision, accountability, and continuous
improvement. It aligns naturally with the principles of
precision orthopaedics, delivering the right care, for the
right patient, at the right time - with optimal efficiency
and sustainability.

CONFLICT OF INTEREST STATEMENT

MT Hirschmann: Consulting fees from Depuy Synthes
and Symbios; Honoraria for Lectures and Support
attending Meetings from Depuy Synthes, Symbios, and
S&N; Participation on Advisory Board for Depuy
Synthes; Leadership positions in KSSTA Journal,
ESSKA, German Knee Society, and Personalised Ar-
throplasty Society. P. Sadoghi: Industry grants from
DePuy Synthes, Johnson & Johnson, alphamed, and
Medacta; Editorial Board Member for JOA, KSSTA, and
Arthroscopy.

ETHICS STATEMENT
None declared.

Patrick Sadoghi’
Maximilian Budin'
Elmar Herbst?
Giuseppe Milano®#
Volker Musahl®
Michael T. Hirschmann®’

"Department of Orthopaedics and Trauma,
Medical University of Graz, Graz, Austria
2Deparl‘ment of Trauma, Hand and Reconstructive
Surgery,

University Hospital Miinster, Miinster, Germany

EDITORIAL

3Department of Medical and Surgical Specialties,
Radiological Sciences, and Public Health,
University of Brescia, Brescia, Italy

“Department of Bone and Joint Surgery,

ASST Spedali Civili, Brescia, ltaly

SDepartment of Orthopaedic Surgery,

University of Pittsburgh, Pittsburgh, Pennsylvania, USA
SUniversity Department of Orthopedic Surgery and
Traumatology,

Kantonsspital Baselland, Bruderholz, Switzerland
"Department of Clinical Research, Research Group
Michael T. Hirschmann, Regenerative Medicine &
Biomechanics,

University of Basel, Basel, Switzerland

Correspondence

Patrick Sadoghi, Medical University of Graz,
Auenbruggerplatz 5, A-8036 Graz, Austria.
Email: patricksadoghi@gmx.at

ORCID
Patrick Sadoghi
1767-555X

https://orcid.org/0000-0003-

REFERENCES

1. Al-Abbasi G, Brennan C, Ohly N, Gee C. Surgical tray leaning:
carbon, efficiency and cost-savings in MAKO robotic-assisted
total knee arthroplasty. Ann R Coll Surg Engl. 2025;107:555-8.

2. Al Amin M, Baldacci R, Kayvanfar V. A comprehensive review
on operating room scheduling and optimization. Operational
Research. 2024;25:3.

3. Auyong DB, Allen CJ, Pahang JA, Clabeaux JJ, MacDonald KM,
Hanson NA. Reduced length of hospitalization in primary total
knee arthroplasty patients using an updated enhanced recovery
after orthopedic surgery (ERAS) pathway. J Arthroplasty. 2015;
30:1705-9.

4. Bath MF, Hobbs L, Kohler K, Kuhn I, Nabulyato W, Kwizera A,
et al. Does the implementation of a trauma system affect injury-
related morbidity and economic outcomes? A systematic
review. Emerg Med J. 2024;41:409-14.

5. Buyse X, Fernandez-Valencia JA, Alias A, Ti6 M, Pablo M,
Serra A. Improving efficiency in a total hip arthroplasty program.
J Healthcare Qual Res. 2025;40:101117. https://doi.org/10.
1016/j.jhqr.2025.101117

6. Cohen RI. Lean methodology in health care. Chest. 2018;154:
1448-54.

7. D'Andreamatteo A, lanni L, Lega F, Sargiacomo M. Lean in
healthcare: a comprehensive review. Health Policy. 2015;119:
1197-209.

8. Dalton DM, Kelly EG, Murphy TP, McCoy GF, Glynn AA. Day of
surgery admission in total joint arthroplasty: why are surgeries
cancelled? An analysis of 3195 planned procedures and 114
cancellations. Adv Orthop. 2016;2016:1424193. https://doi.org/
10.1155/2016/1424193

9. Denton B, Viapiano J, Vogl A. Optimization of surgery
sequencing and scheduling decisions under uncertainty. Health
Care Manag Sci. 2007;10:13-24.

10. EI-Othmani MM, Crespi Z, Pallekonda V, Sayeed Z,
Saleh KJ. The implementation of Lean Six Sigma principles
to improve the value of care delivery for total joint ar-
throplasty patients: the perioperative institute of surgical
excellence experience. J Am Acad Orthop Surg. 2021;29:
e1087-96.

25U90 7 SUOWIWIOD AITERID 3|edl ke aU) AQ PaLeA0B a1 SO PR YO ‘95N J0 SaINI 10} AIR1qIT BUIIUO /B |1 UO (SUO1HIPUOD-PUE-SULBYLIOY" | W ARG U U0/ /SA1IL) SUOTIPUOD PUE S | 8L 395 *[920Z/S0/TE] Uo AeIqiT8uIUO AB]IM B10s018 1Q BYSIBAIN A 76202 BSY/Z00T OT/I0pLC0"AB| W ARG 1BU|UOS[eIn0 fexssay/:Sdny Lo Papeojumoq ‘0 ‘vELEErT


https://orcid.org/0000-0003-1767-555X
mailto:patricksadoghi@gmx.at
https://orcid.org/0000-0003-1767-555X
https://orcid.org/0000-0003-1767-555X
https://doi.org/10.1016/j.jhqr.2025.101117
https://doi.org/10.1016/j.jhqr.2025.101117
https://doi.org/10.1155/2016/1424193
https://doi.org/10.1155/2016/1424193

EDITORIAL

1.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Fernandez-Salido M, Alhambra-Borrdas T, Casanova G,
Garcés-Ferrer J. Value-based healthcare delivery: a scoping
review. Int J Environ Res Public Health. 2024;21:134.

Ferschl MB, Tung A, Sweitzer B, Huo D, Glick DB. Preoperative
clinic visits reduce operating room cancellations and delays.
Anesthesiology. 2005;103:855-9.

Gayed B, Black S, Daggy J, Munshi IA. Redesigning a joint
replacement program using Lean Six Sigma in a Veterans Af-
fairs hospital. JAMA Surg. 2013;148:1050-6.

Husted H. Fast-track hip and knee arthroplasty: clinical and
organizational aspects. Acta Orthop. 2012;83:1-39.

Kain ZN, Vakharia S, Garson L, Engwall S, Schwarzkopf R,
Gupta R, et al. The perioperative surgical home as a future
perioperative practice model. Anesth Analg. 2014;118:1126-30.
Kashanian K, Juric M, Ramsay T, Fallavollita P, Beaulé PE.
Optimizing operating room efficiency for primary hip and knee
arthroplasty using performance benchmarks. Arthroplast Today.
2025;31:101590. https://doi.org/10.1016/j.artd.2024.101590
Khan T, Jackson WF, Beard DJ, Marfin A, Ahmad M, Spacie R,
et al. The use of standard operating procedures in day case
anterior cruciate ligament reconstruction. Knee. 2012;19:464-8.
Klein LL, Vieira KM, Feltrin TS, Pissutti M, Ercolani LD. The
influence of lean management practices on process effective-
ness: a quantitative study in a public institution. Sage Open.
2022;12:21582440221088837. https://doi.org/10.1177/
21582440221088837

Long JC, Winata T, Debono D, Phan-Thien KC, Zhu C,
Taylor N. Process evaluation of a behaviour change approach
to improving clinical practice for detecting hereditary cancer.
BMC Health Serv Res. 2019;19:180.

Mann D. Creating a Lean Culture: Tools to Sustain Lean Con-
versions. 3rd ed. Boca Raton: CRC Press.

Maslaris A, Alvand A. Technical challenges in revision total
knee arthroplasty. Orthop Trauma. 2025;39:55-64.

Mazzocato P, Savage C, Brommels M, Aronsson H, Thor J.
Lean thinking in healthcare: a realist review of the literature.
BMJ Qual Saf. 2010;19:376-82.

McNally S, Phizacklea EC, Gibbs VN, Brown R, Wilcocks KV,
O'Brien S, et al. Lean pathways in orthopaedics: multiple wins
for sustainability. Orthop Trauma. 2022;36:265-73.

Moffatt S, Garry C, McCann H, Teeling SP, Ward M,
McNamara M. The use of lean six sigma methodology in the
reduction of patient length of stay following anterior cruciate
ligament reconstruction surgery. Int J Environ Res Public
Health. 2022;19:1588.

Morrow A, Chan P, Tiernan G, Steinberg J, Debono D,
Wolfenden L, et al. Building capacity from within: qualitative
evaluation of a training program aimed at upskilling healthcare
workers in delivering an evidence-based implementation
approach. Transl Behav Med. 2022;12(1):ibab094.

Parks JK, Klein J, Frankel HL, Friese RS, Shafi S. Dissecting
delays in trauma care using corporate lean six sigma method-
ology. J Trauma. 2008;65:1098-104.

Penix R, Kish J, Gustovich M, Cudnik M. Lean six sigma
methodology in the implementation of a standardized health

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

5
Knee Surgery, Sports Traumatology, Arthroscopy—W[ ]_EY—I—

literacy assessment in a safety net internal medicine residency
clinic. Health Lit Res Pract. 2019;3:e25-30.

Ricciardi C, Balato G, Romano M, Santalucia I, Cesarelli M,
Improta G. Fast track surgery for knee replacement surgery: a
lean six sigma approach. TQM J. 2020;32:461-74.

Saporito A, Tassone C, Di lorio A, Barbieri Saraceno M,
Bressan A, Pini R, et al. Six Sigma can significantly reduce
costs of poor quality of the surgical instruments sterilization
process and improve surgeon and operating room personnel
satisfaction. Sci Rep. 2023;13:14116. https://doi.org/10.1038/
$41598-023-41393-x

Sethi R, Yanamadala V, Burton DC, Bess RS. Using lean pro-
cess improvement to enhance safety and value in orthopaedic
surgery: the case of spine surgery. J Am Acad Orthop Surg.
2017;25:e244-50.

Talero-Sarmiento LH, Escobar-Rodriguez LY, Gomez-Avila FL,
Parra-Sanchez DT. A literature review on Lean healthcare:
implementation strategies, challenges, and future research
directions. Cogent Eng. 2024;11:2411857. https://doi.org/10.
1080/23311916.2024.2411857

Tanna N, Clappier M, Barnett SL, Talamini MA, Coppa GF,
Cifu K, et al. Streamlining and consistency in surgery: lean six
sigma to improve operating room efficiency. Plast Reconstr
Surg. 2023;152:682-90.

Teeling SP, McGuirk M, McNamara M, McGroarty M, Igoe A.
The utilization of lean six sigma methodologies in enhancing
surgical pathways and surgical rehabilitation. Appl Sci. 2023;
13(12):6920.

Thakur V, Akerele OA, Randell E. Lean and Six Sigma as
continuous quality improvement frameworks in the clinical
diagnostic laboratory. Crit Rev Clin Lab Sci. 2023;60:63-81.
Vijayan S, Bhardwaj U, Aroor MN, Kulkarni MS, Bhat V,
Rao SK. Implant selection in revision total knee arthroplasty.
J Orthop Trauma Reconstr. 2024;1(Suppl 1):S43-51.
Watanabe K, Iwamoto T, Nakayama R, Kobayashi S, Oya A,
Matsumoto M, et al. Optimizing surgical instrument and implant
utilization in orthopedic procedures: A lean methodology
approach to cost reduction and efficiency improvement.
J Orthop Sci. 2025;30:1199-205.

Womack JP. Lean thinking: banish waste and create wealth in
your corporation. New York, NY: Simon & Schuster; 1996.
Yoon RS, Nellans KW, Geller JA, Kim AD, Jacobs MR,
Macaulay W. Patient education before hip or knee arthroplasty
lowers length of stay. J Arthroplasty. 2010;25:547-51.

How to cite this article: Sadoghi P, Budin M,
Herbst E, Milano G, Musahl V, Hirschmann MT.
Lean management in total knee arthroplasty: a
model for efficiency and value-based care. Knee
Surg Sports Traumatol Arthrosc. 2026;1-5.
https://doi.org/10.1002/ksa.70294

25U90 7 SUOWIWIOD AITERID 3|edl ke aU) AQ PaLeA0B a1 SO PR YO ‘95N J0 SaINI 10} AIR1qIT BUIIUO /B |1 UO (SUO1HIPUOD-PUE-SULBYLIOY" | W ARG U U0/ /SA1IL) SUOTIPUOD PUE S | 8L 395 *[920Z/S0/TE] Uo AeIqiT8uIUO AB]IM B10s018 1Q BYSIBAIN A 76202 BSY/Z00T OT/I0pLC0"AB| W ARG 1BU|UOS[eIn0 fexssay/:Sdny Lo Papeojumoq ‘0 ‘vELEErT


https://doi.org/10.1016/j.artd.2024.101590
https://doi.org/10.1177/21582440221088837
https://doi.org/10.1177/21582440221088837
https://doi.org/10.1038/s41598-023-41393-x
https://doi.org/10.1038/s41598-023-41393-x
https://doi.org/10.1080/23311916.2024.2411857
https://doi.org/10.1080/23311916.2024.2411857
https://doi.org/10.1002/ksa.70294

	Lean management in total knee arthroplasty: A model for efficiency and value-based care
	INTRODUCTION
	LEAN PRINCIPLES AND THEIR RELEVANCE TO TKA
	WHY LEAN MATTERS: LESSONS FROM HIGH-VOLUME ARTHROPLASTY
	RELEVANCE BEYOND PRIMARY TKA: THE REVISION SCENARIO
	BRIDGING THE IMPLEMENTATION AND TECHNOLOGICAL GAPS
	POTENTIAL FOR ALGORITHMIC AND DIGITAL INTEGRATION
	EXAMPLES OF POTENTIAL CLINICAL APPLICATIONS
	LIMITATIONS AND THE HUMAN FACTOR: IS LEAN 
	A CALL FOR CULTURAL TRANSFORMATION
	CONFLICT OF INTEREST STATEMENT
	ETHICS STATEMENT
	ORCID
	REFERENCES




