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a b s t r a c t

Background: Current literature does not provide conclusive evidence on whether routine pathologic
examination of femoral heads from total hip arthroplasty is indicated or cost-effective. As a result,
there is substantial variation in opinion among surgeons related to this issue. Our study aim was
to determine factors that impact surgeon propensity to order pathologic examination of femoral
heads.
Methods: A 12-question survey was created to evaluate surgeon practices, indications, and patient care
implications surrounding routine pathologic examination of femoral heads. The email survey was
distributed to all members of the American Association of Hip and Knee Surgeons (n ¼ 2598).
Results: There were 572 survey respondents. Out of all respondents, 28.4% always send femoral heads to
pathology, and 27.6% reported an institutional requirement to do so. Of the 572 surgeons, 73.6% report
femoral head pathology has never resulted in a change in patient disease course. Factors that increase the
likelihood of surgeons ordering femoral head pathologic examination include institutional requirements,
medicolegal concern, and prior experience with femoral head pathologic examination changing patients'
disease course (P < .001). Cost concern decreases the likelihood of surgeons ordering femoral head
pathologic examination (P ¼ .0012).
Conclusions: A minority of surgeons routinely send femoral heads from total hip arthroplasty for path-
ologic examination, mostly because of institutional requirement. The majority of surgeons feel that
femoral head pathologic examination never changes patient management, although others have infre-
quently detected malignancy and infection. Institutional policy, concern for litigation, and prior expe-
rience with discordant pathologic diagnoses increase femoral head pathologic examinations, while cost
concern decreases them.
Published by Elsevier Inc. on behalf of The American Association of Hip and Knee Surgeons. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

According to the United States Agency for Healthcare Research
and Quality, 599,500 inpatient total hip arthroplasties (THAs) were
performed in 2018 with exponential growth expected over subse-
quent years [1,2]. As a result, THA care delivery processes have
significant implications on quality and cost for the health-care
system. There is current evidence demonstrating a standardized
process improves both quality and cost of total joint arthroplasty
(TJA) [3,4].

There is substantial variation among surgeons in the routine
utilization of femoral head pathologic examination in THA. Several
studies have reported routine pathologic examination of femoral
head specimens may result in discordant diagnoses, those that
differ from preoperative clinical diagnoses and change patient
management [5e9]. Equally numerous groups argue against this
practice and have found routine femoral head pathologic exami-
nation does not yield discordant diagnoses [10e16].

Routine pathologic examination of femoral head specimens
obtained during THA is estimated to cost up to $63 million per year
[17]. Metrics of cost-effectiveness are based on an intervention’s
impact on patients' longevity and quality of life. As the value of
routine femoral head pathology is disputed in the literature, as-
sessments of its cost-effectiveness are also expected to differ
accordingly [6,8,10e14,16].
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Widely disparate conclusions of the existing literature
contribute little to the effort to establish a standard process gov-
erning pathologic examination of femoral head specimens in THA.
It is thus essential to identify the reasons why surgeons performing
THA request femoral head pathologic examination.

Our study aim was to determine the factors that impact sur-
geons' propensity to order pathologic examination of femoral
heads obtained during THA.

Material and methods

Study design

A 12-question survey was created to evaluate surgeon and
institutional practices, indications, and patient care implications
surrounding routine pathologic examination of femoral head
specimens obtained during THA. The survey (Fig. 1) was distributed
by email to all American Association of Hip and Knee Surgeons
(AAHKS)members (n¼ 2598) and administered using aWeb-based
survey platform, SurveyMonkey (San Mateo, CA). Respondents
completed the survey between January 21, 2021, and April 18, 2021.
This study was reviewed, approved, and deemed exempt by our
institutional review board.

Statistical analysis

Frequencies and percentages were calculated for all categorical
question responses. Ordinal responses were transformed into
numeric scores, and Pearson product-moment correlation was
utilized to identify associations between question pairs. Stepwise
multivariate logistic regressions were performed to identify sig-
nificant predictors of the main outcome, probability of sending
femoral heads for pathologic examination, as well as a secondary
outcome, probability of discussing the need for routine femoral
head examination with the pathology department. Ordinal logistic

regressions were used to determine if a reimbursement model or
years in practice were predictors of the main outcome or another
secondary outcome, observation of a femoral head pathologic
diagnosis different than the preoperative diagnosis. P values < .05
were considered significant. All analyses were performed in SAS 9.4
(Cary, NC).

Results

Response distributions

There were 572 respondents to our survey, making the response
rate 22% (572/2598) and margin of error 3.62% at a 95% confidence
level. The frequency of each survey question answer is given in
Figure 2.

Most surveyed surgeons are in private practice (49.0%), followed
by those in academics (23.2%), or hospital employed (17.5%). Nearly
half of the surgeons (43.5%) perform 100 to 200 hip arthroplasties
per year. Themost common reimbursement model is fee for service
(82.3%) although 42.9% of all surgeons also perform cases in a
bundled payment model.

Of all the respondents, 36.6% never send femoral head speci-
mens for pathologic examination during a routine THA; 28.4% of
surgeons always send these specimens for pathologic examination,
with 27.6% of surgeons reporting an institutional requirement to
do so.

AAHKSmembers reported themost important factor in deciding
to send femoral heads for pathologic examination is patients'
medical history (65.9%), followed by cost (32.7%), and institutional

1. What is your practice setting?

a. Private practice

b. Academic

c. Private practice with academic affiliation

d. Military

e. Hospital employed

2. What is your total joint replacement reimbursement model? Select all that apply.

a. Bundled payment

b. Capitated payment

c. Fee for service

3. How many years have you been in practice?

a. 0-5

b. 6-10

c. 11-20

d. 21-30

e. More than 30

4. How many hip arthroplasties do you perform per year?

a. Less than 100

b. Between 100 and 200

c. Between 201 and 300

d. Between 301 and 500

e. More than 500

5. Do you send femoral head specimens for pathologic examination during routine total hip 

arthroplasty?

a. Always

b. Sometimes

c. Never

6. Is submission of femoral head specimens for routine pathologic examination a 

hospital/institutional requirement?

a. Yes

b. No

Figure 1. Routine femoral head pathologic examination survey.

7. Please select the most important factors in your decision to send or not send femoral head 

specimens for pathologic examination.  Select all that apply.

a. Hospital/institutional policy

b. Cost

c. Training

d. Advice of peers

e. Patient medical history/diagnosis

f. Medicolegal concern

8. If patient medical history or diagnosis impacts your decision to send femoral head 

specimens for pathologic examination, for which conditions do you send the femoral 

head? Select all that apply.

a. Fracture

b. Infection

c. Malignancy

d. Crystalline arthropathy

e. Avascular necrosis

f. Rheumatoid arthritis or other autoimmune disorder

g. Paget’s Disease

9. Has femoral head pathologic examination in your patients ever yielded a diagnosis 

different than the preoperative diagnosis? Select all that apply.

a. Yes, infection

b. Yes, malignancy

c. Yes, crystalline arthropathy (e.g., gout, pseudogout)

d. Yes, avascular necrosis

e. Yes, rheumatoid arthritis or other autoimmune disorder

f. Yes, Paget’s Disease

g. No, never

10. Has femoral head pathologic examination in your patients ever resulted in a change in 

management?

a. Yes, an intervention that changed disease course

b. Yes, increased surveillance only

c. No, never

11. How often has femoral head pathologic examination resulted in an intervention that 

changed disease course in your patients?

a. Never

b. Once

c. More than once

12. Have you ever discussed the need for routine femoral head examination with your 

pathology department?

a. Yes

b. No

Figure 1. (continued).
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policy (32.2%). When patients' medical history impacts a surgeon’s
decision to send femoral head specimens for pathologic examina-
tion, concern for malignancy (96.5%) or infection (50.7%) is the
most common reason for doing so.

For most surgeons (65.7%) surveyed, femoral head pathologic
examination has never yielded a diagnosis different from the pre-
operative diagnosis. However, for some surgeons, femoral head
pathology has resulted in a new diagnosis of malignancy (24.2% of
all respondents) or infection (5.43% of all respondents). Of all sur-
geons who responded, 73.6% report femoral head pathologic ex-
amination has never resulted in an intervention that changed a
patient’s disease course.

Response correlations

With a hospital or institutional requirement to send femoral
heads to pathology, surgeons are 1203 times more likely to always
do so (odds ratio [OR] 1203; 95% confidence interval [CI] 96.8-
14,960; P < .0001) and 2.35 times more likely to discuss the need
for routine femoral head examination with the pathology depart-
ment (OR 2.35; 95% CI 1.58-3.50; P < .0001).

Surgeons for whom medicolegal concern is the most important
factor in the decision to send femoral head specimens for patho-
logic examination are 232 times more likely to always send femoral

heads to pathology than other surgeons (OR 232; 95% CI 14.5-3703;
P ¼ .0001).

When cost is the most important factor in a surgeon’s decision
to send femoral heads to pathology, those surgeons are 4/10,000 as
likely as others to always do so (OR 0.000395; 95% CI 0.00-0.0460;
P ¼ .0012). Accordingly, those practicing in a bundled payment
reimbursement model are less likely to always send femoral heads
for pathologic examination (OR 0.69; 95% CI 0.49-0.98; P ¼ .036).

Surgeons are 479 times more likely to always send femoral
heads to pathology when patients have a history of rheumatoid
arthritis or other autoimmune disorder (OR 479; 95% CI 25.2-9089;
P < .0001).

Only after more than 30 years in practice are surgeons more
likely to report finding a femoral head pathologic diagnosis that
differs from the preoperative clinical diagnosis (OR 3.60; 95% CI
1.90-6.82; P < .0001).

When femoral head pathologic examination resulted in an
intervention that changed the disease course of a patient, his or her
surgeon is subsequently 248 times more likely to always send
femoral heads for pathologic examination (OR 248; 95% CI 11.7-
5239; P ¼ .0004). When surgeons reported that femoral head
pathologic examination resulted in an intervention that changed
the disease course, the most common associated pathologic di-
agnoses were infection (OR 84.8; 95% CI 7.24-994; P ¼ .0004),

Figure 2. Distribution of responses to routine femoral head pathologic examination survey.
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malignancy (OR 68.0; 95% CI 7.92-584; P ¼ .0001), or autoimmune
disorder (OR 16.2; 95% CI 1.64-160; P ¼ .0172).

Discussion

Standardized care pathways in TJA have been shown to optimize
quality and cost [3,4]. However, there is surgeon variation in the use
of routine pathologic examination of femoral head specimens ob-
tained during THA. The current literature does not provide
conclusive evidence on whether a routine femoral head pathologic
examination is indicated or cost-effective [5e16]. Our aim was to
determine if those factors are impactful in THA surgeons’ decision
to routinely order femoral head pathologic examination or not. We
found that institutional policy, cost, medicolegal concern, and prior
experiencewith the utility of pathologic examinationmost strongly
influence surgeon behavior surrounding orders for femoral head
pathologic examination.

A minority of surgeons (28.4%) always send femoral head
specimens from THA for pathologic examination, which corre-
sponds to the proportion of surgeons with an institutional
requirement to do so. We found hospital or institutional policy to
be one of the most impactful drivers of surgeon behavior,
increasing the likelihood of routine femoral head pathologic ex-
amination by over 1200-fold. The Joint Commission on Accredita-
tion of Healthcare Organizations does allow exceptions to
institutional requirements for femoral head pathologic examina-
tion if this decision is made collaboratively between surgeons and
pathologists [18]. It follows that AAHKS members are more than
twice as likely to discuss the need for femoral head examination
with their pathology colleagues when there is an institutional
mandate for specimen submission to pathology.

Of the surgeons who responded, 36.6% never send THA femoral
head specimens for pathologic examination. Almost as many (35%)
surgeons make the decision to send femoral heads for pathologic
examination on a case-by-case basis. In addition to the institutional
policy, we identified numerous determinants of surgeons’ pro-
pensity to order femoral head pathologic examination.

Nearly one-third (32.7%) of surgeons surveyed reported cost as
the most important factor in deciding whether to utilize routine
femoral head pathologic examination. These surgeons are far less
likely, in fact 4/10,000 as likely, to send femoral heads for patho-
logic examination. Greater cost transparency surrounding femoral
head pathologic examination, which ranges from $60 to $283 per
specimen, may inform surgeons’ decisions to routinely order pa-
thology [8,10e14,16]. This is particularly relevant for surgeons
performing cases in a bundled payment model, who comprised
42.9% of AAHKS respondents.

Of the surgeons who responded, 12.1% cited medicolegal
concern as the most important factor in their decision to order
pathologic examination of femoral heads. The risk of litigation
makes these surgeons 232 times more likely to send femoral
heads for pathologic examination. Of note, based on a legal
research database query of TJA malpractice cases from 2008 to
2018, “unnecessary surgery, failure to refer or consult, and failure
to treat” were each an allegation in less than 8% of cases [19]. This
is reassuring, suggesting that routine femoral head pathologic
examination may not be essential to legal defense, particularly
given all THA patients have preoperative radiographs doc-
umenting appearance of the femoral head and indication for a
surgery.

A small fraction of surgeons, 10.5%, found femoral head patho-
logic examination resulted in a change in patient disease course

Figure 2. (continued).
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more than once in their careers. Of the surgeons who responded,
15.8% noted that femoral head pathologic examination yielded a
change in disease course for just 1 patient in their practice. While
AAHKS surgeons have reported discordant diagnoses on femoral
head pathology (24.2% of respondents found malignancy, 5.43%
found infection), to further clarify, most performed more than 100
THAs per year and have made only 1 such observation in their
entire career. These events, while rare, make surgeons more than
200 times more likely to subsequently order femoral head patho-
logic examination on all patients. It has been previously reported
that personal experience with a treatment algorithm outcome is
impactful in TJA surgeons’ decision-making [20].

Only after 30 years in practice are surgeons more likely to
observe a femoral head pathologic diagnosis that differs from the
preoperative clinical diagnosis. Consistent with the proportion of
surgeons for whom femoral head pathologic examination has led to
a change in patients' disease course, approximately 15% of AAHKS
surgeons surveyed have been in practice for more than 30 years.
This may have also resulted in an inflated representation of
discordant diagnoses in survey responses compared to the true
incidence.

Our findings may guide formulation of standard protocols for
pathologic examination of THA femoral head specimens, but we
understand our work has limitations. First, we surveyed only
AAHKS members, not all surgeons performing THA. As a result, our
work may suffer from sample bias as AAHKS members may have
attitudes and practices not generalizable to all THA surgeons. Sec-
ond, although our response rate of 22% is higher than that previ-
ously reported for surgeon surveys, response rates lower than 70%
may result in a nonrepresentative sample [21]. Third, surgeon

responses may not reflect their actual practice patterns. This may
occur, in part, if survey answer choices were not exhaustive of all
potential responses. Surgeon responses based on an anecdote
rather than a quantitative retrospective analysis are also potentially
contributory.

Conclusions

Existing evidence is largely retrospective and not conclusive for
or against routine pathologic examination of femoral head speci-
mens obtained during THA. As a result, there is significant surgeon
and institutional variation in the utilization of femoral head pa-
thology. Our survey study demonstrates only 28.4% of surgeons
always send femoral head specimens for pathologic examination,
which corresponds to the proportion of surgeons with an institu-
tional requirement to do so. Of the surgeons who responded, 73.6%
report femoral head pathologic examination has never resulted in a
change in patients' disease course. Others, largely those in practice
for more than 30 years, have infrequently detected malignancy and
infection upon pathologic examination of THA femoral head
specimens.

An institutional policy requiring femoral head pathologic ex-
amination, concern for litigation, and prior observation of a
discordant femoral head pathologic diagnosis increase the likeli-
hood that femoral head pathologic examination is ordered.
Conversely, the concern for cost decreases the likelihood that a
surgeon will order pathologic examination of the femoral head.
These factors must be addressed in any effort to establish a stan-
dardized process for ordering femoral head pathologic examina-
tion. Potential measures include greater cost transparency

Figure 2. (continued).
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surrounding pathology services and surgeon medicolegal educa-
tion. Further prospective studies are needed to accurately establish
the rates of discordant femoral head pathologic diagnoses that
change patients' disease course, which may serve as a foundation
for institutional or organizational policy.
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