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Abstract
Background
Routine analysis of bone specimens in total joint arthroplasty (TJA) is mandatory at many institutions. The
purpose of this study was to determine if mandatory routine TJA specimen analysis alters patient care or if
they represent an unnecessary healthcare expenditure.

Methods
A retrospective review was performed of all primary TJA patients between October 2015 and December 2017
at our institution. Pathology results were reviewed to ascertain the number of concordant, discrepant, and
discordant results. A diagnosis was considered concordant if the preoperative and pathologic diagnosis
matched, discrepant if the preoperative and pathological diagnosis differed but no change in the patient’s
plan of care occurred, and discordant if the preoperative and pathologic diagnosis differed and resulted in a
change in the patient’s plan of care. 

Results
3,670 total hip arthroplasty (THA) and total knee arthroplasty (TKA) procedures (3,613 patients) met the
inclusion criteria and were included in this study. All 3,670 specimens had a concordant diagnosis; there
were zero discrepant and zero discordant diagnoses. During the study period, our institution spent
$67,246.88 in routine analysis of TJA specimens by a pathologist, with no change in any postoperative
patient care plans.

Conclusion
With bundled payment reimbursement models and hospitals trying to decrease unnecessary expenditures,
the present study helps further demonstrate that routine analysis has limited cost-effectiveness due to the
low prevalence of alteration in the management of patient care. The decision for pathological analysis
should be left at the discretion of the surgeon in order to maximize the cost-efficiency of TJA procedures.
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Introduction
Total joint arthroplasty (TJA) is a common procedure in the United States with an annual incidence of 92,780
for total hip arthroplasty (THA) and 156,656 for total knee arthroplasty (TKA), according to the latest
American Joint Replacement Registry report (2017) [1]. Annual rates of TJA continue to climb with the rates
of THA doubling and rates of TKA tripling between 1990 and 2002 [2-4]. Given our aging population, TJA
procedures are expected to increase, with demand for THA expected to grow by 174% and TKA by 673% by
2030 [5]. TJA is also one of the most successful orthopedic operations with one of the highest improvements
in quality-adjusted life years (QALY) among all procedures. 

Over the last decade, the cost of healthcare has been increasing exponentially, with TJA accounting for
approximately US$ ten billion annually [6]. Currently, THA and TKA account for over US$ 7 billion in costs
by the Centers for Medicare and Medicaid Services (CMS) and account for more expenses than any other
inpatient procedure [7]. Attempts to curtail costs have led to the creation of Alternative Payment Models
(APM). Implementation of the Bundled Payments for Care Improvement Initiative (BPCI), episodes of care,
and Comprehensive Care for Joint Replacement (CJR) created a focus on value in medicine. These payment
models force hospitals and physicians to cut unnecessary costs while maximizing patient outcomes. The
initiation of the BPCI has led to a reduction in the average hospital length of stay, rate of discharge to an
inpatient facility, readmission rate, and average cost for TJA procedures [8]. The focus on improved quality,
adherence to evidence-based guidelines, and reduction in cost has aligned the interests of physicians and
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hospital administrators. This has led to increased scrutiny of costs associated with the entire episode of care
for TJA. Gainsharing models ensure that physicians have a motive for the savings and losses. Physicians
must determine the cost-benefit ratio in order to offer patients the most efficient plan to maximize value in
TJA [6].

In many institutions across the country, sending bone removed during routine primary THA and TKA for
pathologic analysis is the standard of care and mandated by the hospital. The goal of routine pathologic
analysis is to ascertain discrepancies between the histological diagnosis and the physician's preoperative
diagnosis with the objective of determining if any changes need to be made in the patient's postoperative
care. The purpose of this study was to determine the cost-effectiveness, potential patient care benefit, and
the necessity of performing routine pathologic analysis of primary THA and TKA specimens.

Materials And Methods
A retrospective review was conducted of all primary THA and TKA procedures performed at our institution
from October 2015 to December 2017. Pathology specimens were obtained from the bone cuts made during
TJA surgery. All specimens were stored in formaldehyde, marked by the nursing staff, and transported to the
pathology department after the procedure was concluded by a nursing assistant. The final preparation of
each specimen was undertaken by the pathology staff and pathologist. The inclusion criterion was all
routine primary THA and TKA cases that were performed for degenerative and inflammatory joint
conditions such as osteoarthritis, rheumatoid arthritis, and avascular necrosis. Exclusion criterion for the
study was any patients undergoing surgery for joint infection, oncologic diagnosis, component removal, and
revision TJA cases. The preoperative diagnosis was determined by the operative surgeon prior to the surgery
based on their clinical and radiographic evaluation of the patient. ICD9/10 codes were examined and were
recorded from the preoperative and postoperative surgeon notes. The pathologic diagnosis, determined via
analysis by the pathologist, was recorded as well. All diagnoses were recorded against the pathology report
made by the pathologist.

A diagnosis was considered concordant if the preoperative and pathologic diagnosis matched and discrepant
if the preoperative and pathological diagnosis differed but no change in the plan of care was observed. A
diagnosis was deemed discordant if the preoperative and pathologic diagnosis differed and resulted in a
change in the plan of care. Basic statistical analyses were performed using Minitab Software (Mintab,
Inc., State College, PA, USA).

Results
Between October 2015 and December 2017, there were a total of 1,641 THA patients (1,641 THA procedures),
with an average age of 66.7 years. During the same study period, there were 1,972 TKA patients (2,029 TKA
procedures), with an average age of 69.5 years. The prevalence of concordant results was 100% (3,670 out of
3,670). There were no discrepant results and no discordant results for any of the TJA patients. The total cost
spent by our institution on the routine pathological analysis that generated zero discrepant or discordant
results during the study period was $67,246.88. A power analysis was performed with alpha set to 5%, beta
set to 90%, and the concordance rate set to 99% with an acceptable difference of 1%. 2,144
participants would have been necessary to reach statistical significance.

Discussion
Value in TJA can be defined by the relationship between quality and cost. Our study found no alteration in
care with the use of mandatory routine analysis of pathology specimens in uncomplicated primary TJA. In
this study, we found a decrease in value with the mandatory, routine pathologic analysis of specimens in
THA and TKA. The total cost spent by our institution on routine pathological analysis during the study
period was $67,246.88, approximately $18.32 per TJA procedure. Previous studies have shown that the cost
per discrepant diagnosis can range from $4,383 to $4,983 [9,10]. While there have been previous studies
reporting similar results for THA and TKA patients, the majority of studies are more than two decades old
and many hospitals are still performing this costly test, which brings into question the cost-effectiveness of
routine analysis [9-13]. 

Suchman et al. performed a large database review of 630 hospitals across the United States to ascertain how
many hospitals are performing a routine histological examination of joint arthroplasty specimens [14]. They
found that from 2006 to 2016, the routine histological examination of joint arthroplasty specimens
decreased from 34% to 30% for shoulder arthroplasty, from 50% to 45% for THA, and from 43% to 38% for
TKA (all p < 0.001). While the numbers are slowly decreasing, there remains a large number of institutions
performing routine pathologic analysis. Greene et al. analyzed the cost-effectiveness of routine examination
of pathology specimens following knee arthroscopy (partial meniscectomies and anterior cruciate ligament
reconstructions) [15]. The prevalence of concordant diagnoses was 99.3%. The total cost per discrepant
diagnosis was $13,771, and the cost per discordant diagnosis was $371,810. They concluded that gross and
histological examination of the specimen removed during knee arthroscopy should be done at the discretion
of the surgeon as opposed to being mandated by hospitals.
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The transition from fee-for-service payment models to APMs is resulting in an enhanced quality of care and
a reduction in the cost of TJA [16]. In an era where value and cost containment in TJA is paramount, the
present study has demonstrated a decrease in value with the routine analysis of pathologic specimens. There
were several limitations of our study. The first of which is its retrospective nature and all of the biases
associated with a retrospective study. The second limitation is that while the current study includes over
3,600 patients, we did not have any discrepant or discordant results, and therefore, the cost of these
findings could not be calculated for our institution. However, the rates of discrepant and
discordant diagnoses in the literature have been shown to be exceedingly low, consistent with our findings.
It should also be reemphasized that this study was conducted on patients undergoing routine, primary THA
and TKA. We excluded all patients that were suspected or confirmed to have an infection or any oncologic
diagnoses. Also, the analysis done by the pathologist on the specimens was done postoperatively, and no
intraoperative frozen sections were sent.

Conclusions
Of the 3,670 pathologic specimens in routine TJA, the data demonstrate that mandatory routine pathologic
analysis offered no alteration in patient care while increasing the cost of care. There are still a large number
of hospitals across the nation mandating pathological analysis of specimens in routine orthopedic surgery,
though there are no formal guidelines or substantial evidence to support this practice. With the changing
landscape of reimbursements to bundled care models, the present study helps further demonstrate that
mandatory analysis of routine primary THA and TKA specimens by a pathologist is not cost-effective due to
the low prevalence of alteration in the management of patient care. The decision for pathological analysis
should be left to the discretion of the surgeon in order to maximize the cost-efficiency of THA and TKA
procedures.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Ethics Committee at Morristown
Medical Center, Morristown, NJ issued approval n/a. The current study was approved by the Ethics
Committee at Morristown Medical Center, Morristown, NJ. Animal subjects: All authors have confirmed
that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the
ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

References
1. Fourth AJRR annual report on hip and knee arthroplasty data . (2017). Accessed: January 29, 2021:

http://connect.ajrr.net/2017-annual-report-download?hsCtaTracking=211910d3-f75a-440c-8bff-
9d3da22c75ad%7C2cb33f5d-6e5....

2. Kurtz S, Mowat F, Ong K, Chan N, Lau E, Halpern M: Prevalence of primary and revision total hip and knee
arthroplasty in the United States from 1990 through 2002. J Bone Joint Surg Am. 2005, 87:1487-97.

3. Maradit Kremers H, Larson DR, Crowson CS, et al.: Prevalence of total hip and knee replacement in the
United States. J Bone Joint Surg Am. 2015, 97:1386-97. 10.2106/JBJS.N.01141

4. Bini SA, Sidney S, Sorel M: Slowing demand for total joint arthroplasty in a population of 3.2 million . J
Arthroplasty. 2011, 26:124-8.

5. Kurtz S, Ong K, Lau E, Mowat F, Halpern M: Projections of primary and revision hip and knee arthroplasty
in the United States from 2005 to 2030. J Bone Joint Surg Am. 2007, 89:780-5. 10.2106/JBJS.F.00222

6. Lavernia CJ, Drakeford MK, Tsao AK, Gittelsohn A, Krackow KA, Hungerford DS: Revision and primary hip
and knee arthroplasty: a cost analysis. Clin Orthop Relat Res. 1995, 311:136-41.

7. Mclawhorn AS, Buller LT: Bundled payments in total joint replacement: keeping our care affordable and
high in quality. Curr Rev Musculoskelet Med. 2017, 10:370-7.

8. Dundon JM, Bosco J, Slover J, Yu S, Sayeed Y, Iorio R: Improvement in total joint replacement quality
metrics: year one versus year three of the bundled payments for care improvement initiative. J Bone Joint
Surg Am. 2016, 98:1949-3. 10.2106/JBJS.16.00523

9. Kocher MS, Erens G, Thornhill TS, Ready JE: Cost and effectiveness of routine pathological examination of
operative specimens obtained during primary total hip and knee replacement in patients with
osteoarthritis. J Bone Joint Surg Am. 2000, 82:1531-5.

10. Lin MM, Goldsmith JD, Resch SC, Deangelis JP, Ramappa AJ: Histologic examinations of arthroplasty
specimens are not cost-effective: a retrospective cohort study. Clin Orthop Relat Res. 2012, 470:1452-60.

11. Pagnano MW, Forero JH, Scuderi GR, Harwin SF: Is the routine examination of surgical specimens
worthwhile in primary total knee arthroplasty?. Clin Orthop Relat Res. 1998, 356:79-84.

12. Lawrence T, Moskal JT, Diduch DR: Analysis of routine histological evaluation of tissues removed during
primary hip and knee arthroplasty. J Bone Joint Surg Am. 1999, 81:926-31.

13. Meding JB, Ritter MA, Jones NL, Keating EM, Faris PM: Determining the necessity for routine pathologic
examinations in uncomplicated total hip and total knee arthroplasties. J Arthroplasty. 2000, 15:69-71.

14. Suchman KI, Poeran J, Huang HH, et al.: Are histological examinations of arthroplasty specimens performed

2021 Koss et al. Cureus 13(1): e13005. DOI 10.7759/cureus.13005 3 of 4

http://connect.ajrr.net/2017-annual-report-download?hsCtaTracking=211910d3-f75a-440c-8bff-9d3da22c75ad%7C2cb33f5d-6e5a-405d-b3c6-dc5e1914c660
http://connect.ajrr.net/2017-annual-report-download?hsCtaTracking=211910d3-f75a-440c-8bff-9d3da22c75ad%7C2cb33f5d-6e5a-405d-b3c6-dc5e1914c660
https://pubmed.ncbi.nlm.nih.gov/15995115/
https://dx.doi.org/10.2106/JBJS.N.01141
https://dx.doi.org/10.2106/JBJS.N.01141
https://doi.org/10.1016/j.arth.2011.03.043
https://dx.doi.org/10.2106/JBJS.F.00222
https://dx.doi.org/10.2106/JBJS.F.00222
https://europepmc.org/article/med/7634568
https://link.springer.com/article/10.1007/s12178-017-9423-6
https://dx.doi.org/10.2106/JBJS.16.00523
https://dx.doi.org/10.2106/JBJS.16.00523
https://journals.lww.com/jbjsjournal/Abstract/2000/11000/Cost_and_Effectiveness_of_Routine_Pathological.2.aspx
https://link.springer.com/article/10.1007/s11999-011-2149-7
https://journals.lww.com/clinorthop/Fulltext/1998/11000/Is_the_Routine_Examination_of_Surgical_Specimens.13.aspx
https://journals.lww.com/jbjsjournal/Abstract/1999/07000/Analysis_of_Routine_Histological_Evaluation_of.4.aspx
https://doi.org/10.1016/S0883-5403(00)91233-6
https://dx.doi.org/10.1097/CORR.0000000000000635


consistently across the country? A large database study. Clin Orthop Relat Res. 2019, 477:1815-24.
10.1097/CORR.0000000000000635

15. Greene JW, Zois T, Deshmukh A, Cushner FD, Scuderi GR: Routine examination of pathology specimens
following knee arthroscopy: a cost-effectiveness analysis. J Bone Joint Surg Am. 2014, 96:917-21.

16. Froimson MI, Rana A, White RE, et al.: Bundled payments for care improvement initiative: the next
evolution of payment formulations: AAHKS Bundled Payment Task Force. J Arthroplasty. 2013, 28:157-65.

2021 Koss et al. Cureus 13(1): e13005. DOI 10.7759/cureus.13005 4 of 4

https://dx.doi.org/10.1097/CORR.0000000000000635
https://pubmed.ncbi.nlm.nih.gov/24897739/
https://doi.org/10.1016/j.arth.2013.07.012

	Is There Value in Pathology Specimens in Routine Total Hip and Knee Arthroplasty?
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Results
	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


