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Background
Geographical variation in health care practices such as differences 
in utilization of services, costs of providing services, and how these 
services are produced has been well documented.1 In addition, 
there is an extensive and long-standing history of work examining 
the sources and implications of health services variation. For 
example, 30 years ago, Greenfield et al presented findings from the 
Medical Outcomes Study describing variations in resource utili-
zation among medical specialties and systems of care.2 More 
recently, Birkmeyer et al found that significant regional variation 
in surgical procedures could be attributed to attitudes and beliefs 
about the indications for surgery and “preference-sensitive” proce-
dures tend to vary considerably more than procedures for which 
clinical decisions are constrained to a narrow range of options.3 
Other studies have looked at how much variation can be explained 
by patient preferences versus physician practices.4

Purpose

It is widely accepted that observed variation in health services 
practices, even among physicians within the same organization, 
exists beyond what can be attributed to patient differences, and 
that this variation in practice produces little difference in out-
comes.5 The purpose of this paper is to explore the impact of 
the organizational and operating environment characteristics 

when evaluating variation in practices that contribute to indi-
vidual (hospital or physician) behavior and, ultimately, the cost 
of care. This assessment will focus on 2 research questions:

•• Do patient level costs vary between and within hospitals 
after controlling for patient characteristics and local price 
effects?

•• Are organizational and operating environment charac-
teristics associated with cost of care after controlling for 
local price effects and patient characteristics?

This paper addresses these research questions using an 
empirical case study to examine the impact of the organization 
where a physician practices on inpatient health service delivery. 
Although there is a body of research examining practice setting 
on provider behavior in the ambulatory physician practice set-
ting, the impact on physician care delivery processes within the 
hospital setting is less well understood. Considering that hospi-
tal expenditures account for about one-third of all health ser-
vices spending in the United States, understanding variation in 
how health services are performed within those settings is 
important for the dissemination of best practices and cost con-
tainment. This information will help guide process improve-
ment interventions and policy development to produce higher 
quality, appropriate, more efficient care.6
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This study examines routine, primary knee and hip replace-
ment inpatient surgeries to empirically test the influence of 
patient, provider, and organization level contextual variables on 
variation in inpatient medical procedure processes. Complete 
knee and hip replacement procedures are a particularly relevant 
case study; they are commonly performed, potentially expen-
sive and demonstrate wide variations in practices.7 Studies 
have applied activity-based costing techniques8,9 and exam-
ined the role of device choice and overall practices on variation 
in total joint replacement costs.8,10-13 This paper builds on this 
existing literature exploring variation in lower joint replace-
ment processes and outcomes by examining the impact of 
organizational characteristics and operating environment char-
acteristics such as ownership status, setting, and service volume 
on the delivery of inpatient knee and hip replacements, as 
measured by the inpatient cost of care.

Conceptual model

There is a body of Implementation and Dissemination research 
describing the importance of “context”—the characteristics 
describing the setting where a process or innovation occurs—
when evaluating delivery, outcomes and cost of health services. 
These contextual factors, which can occur at the system, organ-
ization, or provider level, may either facilitate or erect barriers 
to the utilization of evidence-based practices and the outcomes 
achieved.14 This literature includes various models that offer a 
framework for understanding the relationship between how 
technologies, including processes and workflows, are adopted 
and implemented to produce outcomes. We employ a broad 
definition of outcomes in this study that includes the cost of 
care and resources used as opposed to a narrow perspective that 
just reflects changes in patient health status. Starting with the 
seminal Rogers model of dissemination that showed how 
knowledge and perceptions of an innovation are critical to the 
adoption decision and subsequent work that extended this 
model to health services delivery practices; these models link 
external factors and the operating context with what processes 
are used and the outcomes experienced.15-19 These implemen-
tation and dissemination theories and frameworks identify a 
variety of organizational and operating environment character-
istics that may thus ultimately influence health care delivery 
practices.

Because the nature of health care delivery is nested; indi-
vidual patients are treated by a specific physician working 
within a particular organization, characteristics of the individ-
ual patient, treating physician, and organization setting all have 
been shown to influence health services utilization, processes 
and outcomes. Work by Robinson et al20 demonstrated the 
extent that these multi-level characteristics impact the varia-
tion in hip and knee replacement implantable device cost. They 
found that after adjusting for patient characteristics, hospital 
characteristics (between hospital variation) accounted for 
61.0% of the variance for total knee replacement implants and 

36.1% of the variance for total hip replacement implants. 
Residual variance attributed to individual physicians within the 
hospital (within hospital variation) was 36.5% of total variance 
for total knee replacement implants and 59.5% of total variance 
for total hip replacement implants.20 We continue this line of 
work by exploring the impact of organizational structure and 
operating environment characteristics on variation in hip and 
knee replacement total inpatient cost.

Methods
This case study examined the inpatient hospital costs associ-
ated with non-emergent primary total hip replacement (THR) 
and total knee replacement (TKR) procedures. (ICD 9 proce-
dure codes 81.51 and 81.54.) Hospital cost of care is used as a 
marker to represent the total bundle of goods and services used 
to provide care during a particular encounter.

Data

Patient level data on patient characteristics, procedures per-
formed, payer, total charges, provider performing the procedure 
and the hospital where the procedure was performed were col-
lected from the Healthcare Cost and Utilization Project 
(HCUP) State Inpatient Discharge Database (SID) for the 
first 9 months of 2015. The Healthcare Cost and Utilization 
project, sponsored by the United States Agency for Healthcare 
Research and Quality, is “the largest collection of longitudinal hos-
pital care data in the United States, with all-payer, encounter level 
information beginning in 1988.”21

This analysis utilized inpatient patient discharge records 
from a convenience sample of 3 states: Florida, New York, and 
Washington. These states were chosen because their inpatient 
discharge database files included coded physician identifiers, 
permitting physician-within-hospital analysis. The first three 
quarters of 2015 were used to ensure the maximum number of 
cases without external confounding factors. 2015 was chosen 
as the study year because a major federal reimbursement policy 
change was implemented in 2016. Discharge records for the 
fourth quarter of 2015 were excluded because of the transition 
to recording procedures using ICD-10, making procedure 
coding between the 2 time periods inconsistent.

The state-specific files in the HCUP SID contains inpatient 
discharge record abstracts from participating states that provides 
complete information on all hospital discharges within geo-
graphic areas or states. The SID patient level data was linked with 
de-identified hospital characteristic information from the 2015 
American Hospital Association Hospital (AHA) survey of all 
AHA member hospitals and includes data on approximately 80% 
of US hospitals. This SID–AHA linked dataset includes infor-
mation on all discharges, regardless of payer and includes identi-
fiers that enables clustering of patients by primary physician.

Our dataset contained discharge records for 62 140 
patients who had elective knee and 42 392 hip replacements 
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as their primary procedure during the first 3 quarters of 
2015. Patients whose procedures were performed on a non-
scheduled or emergent basis were excluded because they 
would potentially involve complicating factors such as infec-
tion or breaks. We excluded patients who died during their 
hospital stay from our sample since that may artificially 
truncate their hospital costs. Facilities that had less than 5 
knee or hip replacement discharges during our sample period 
were not included in our analysis to reduce the potential 
skewing impact of outliers. This resulted in 51 facilities (305 
records) being excluded from the hip replacement analysis 
and 18 facilities (47 records) from the knee replacement 
analysis.

Measures

Dependent variable. Our dependent variable of interest is the 
hospital cost of care associated with elective, uncomplicated 
primary THR and TKR. Total costs were calculated by multi-
plying total inpatient facility charges per discharge by the hos-
pital specific cost to charges ratio (CCR). We used the Medicare 
Geographical Adjustment Factor (GAF) to normalize the 
inpatient cost of care measure by accounting for local wage and 
price effects.

Normalized cost = (Inpatient charges * CCR)/ GAF

Explanatory variables. We included explanatory variables 
that reflect patient level, physician level and hospital level 
characteristics (Table 1). Table 1 references the literature that 
guided our choice of contextual characteristics to include as 
explanatory variables. These variables include measures of 
patient characteristics and health status, payer status, hospital 
location, ownership and medical school affiliation, and quan-
tity of the procedures performed. Hospitals that performed 
less than 2 procedures per week were categorized as “low” vol-
ume hospitals and those that performed more than 10 per 
week were classified as a “high” volume hospital.

Analysis strategy

Multi-level models. As demonstrated by the Robinson et al 
work, variation in hip and knee replacement costs vary among 
patients, between and within hospitals. This demonstrates the 
nested nature of health services delivery and that there is 
dependence among individual level cost information for patients 
treated by a given physician within a particular hospital. Stand-
ard Ordinary Least Squares (OLS) regression estimations do 
not consider this interdependence, thus misestimating the 
standard errors. Multilevel modeling enables us to include the 
fixed and random effects from each of the clustering levels, ena-
bling the standard errors to be corrected for intraclass correla-
tion inherent in the clustered data.29,30 We followed standard 
multi-level mixed effects analyses techniques.29,30 All analyses 
were performed using the mixed process in STATA version 15.

The Impact of physician and hospital characteristics on patient 
level costs. To evaluate the impact of hospital and provider char-
acteristics on individual costs after controlling for patient char-
acteristics and price effects, we performed a 3-level estimation 
of a random intercept model with level 1, 2, and 3 fixed covari-
ates. Level 1 is patient level characteristics, who are treated by 
a specific physician (level 2) in a particular hospital (level 3). 
This included fixed patient level effects, fixed categorical phy-
sician descriptors of whether the physician performed <6 (low 
volume) or more than 100 (high volume) procedures, and fixed 
hospital characteristics. The intercepts for hospital and physi-
cian were assumed to be random. This enabled us to answer 
how much variation in costs is within hospitals as opposed to 
between hospitals, controlling for these fixed effects.

The impact of hospital characteristics on physician mean costs. To 
evaluate the impact of hospital characteristics, we used a 2-level 
model using physician-within-a-hospital specific mean costs as 
the dependent variable. Fixed effects included the mean char-
acteristics of the physician’s patient population and key hospital 
characteristics. The hospital was treated as a random coefficient.

The contents of each of these estimating models are sum-
marized in Table 2. Variable name subscripts indicate the 

Table 1. Explanatory variables.

FIrSt level (patIent level) covarIateS REfERENCE SOURCE

Gender, difference in age from population mean, number of chronic conditions, 
obesity, primary payer, procedure performed on a single joint or bilaterally

Gioe et al,10 Maradit Kremers et al,11 Riggs et al,22 
Collado,23 and Martin24

Second’ Level (physician level) Covariates

High volume provider, low volume provider
Mean patient age diff, mean number of chronic conditions, mean number of patients 
obese, percentage female, percentage covered by Medicare, percentage covered by 
Commercial Insurance

Gioe et al10 and Maradit Kremers et al11

Third Level (hospital level) Covariates

Metropolitan, rural, ownership type, hospital size, critical access hospital, high 
volume hospital, low volume hospital, medical school affiliation, within a network, 
participate in group purchasing agreement, location state

Rodriguez et al,25 Goodwin et al,26 Lampert et al,27 
and Losina et al28
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Table 2. Estimation models.

ESTIMATION 1 ESTIMATION 2

Dependent variables

Normalized_costijk X  

Normalized_mean_costjk X

explanatory variables

fixed

 Difference_from_pop_mean (in 5 year increments)ijk X  

 femaleijk X  

 Number of chronic conditionsijk X  

 Obeseijk X  

 Primary Payer indicator (compared to Medicare)ijk X  

 Low volume physicianjk X X

 High volume physicianjk X X

 Bilateral Procedureijk X  

 State indicator (compared to florida) X X

 Member of a group purchasing collabk X X

 Member of a networkk X X

 Government controlledk X X

 NfP—religious affiliationk X X

 for-profitk X X

 Contract-managedk X X

 Less than 100 bedsk X X

 Metropolitan facilityk X X

 Rural indicatork X X

 Critical Access Hospitalk X X

 Medical School Affiliationk X X

 Low volume hospitalk (<2 procedures/wk) X X

 High volume hospitalk (>10 procedures per week) X X

 Computer Assisted Orthopeadic Surgery k X X

 Mean costjk X

 Mean age diffjk X

 Mean number of comorbiditiesjk X

Random

 Hospital id (intercept) X X

 MD within a hospital ID (intercept) X  
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“level” of data. For example, ijk indicates data from patient i 
being treated by physician j at hospital k. Subscript jk indicates 
data on physician j practicing in hospital k.

Results
Description of patient population

Table 3 describes the characteristics of our study population. 
The primary payer sources were Medicare and commercial 
insurance. Of the 62 140 knee replacement procedures per-
formed, 59 585 replaced a single knee and 2555 were bilateral 
procedures replacing both knee joints. Patients undergoing 
knee replacements ranged in age from 12 to 93 and had 
between 0 and 18 chronic conditions. Of the 42 493 hip 
replacement procedures, 41 909 involved replacement of a sin-
gle hip and 483 replaced both hips during the procedure. 
Patients undergoing hip replacement procedures ranged in age 
between 11 and 101 and had between 0 and 23 chronic 
conditions.

Variation in inpatient cost for knee and hip 
replacement

Figure 1 displays the variation in the average inpatient cost of 
care for providing uncomplicated primary knee and hip 
replacement procedures for each of the hospitals in our sample. 
To demonstrate the magnitude of variation in costs incurred 
between hospitals, these figures are not adjusted for local price 
effects. As the figures show, there is a significant variation in 
the cost of care among hospitals. The average hospital inpatient 
cost for performing a single knee replacement (ie, left or right 
knee) ranged from $7860 to $64 100 and $8100 to 60 000 for 
performing a single hip replacement.

Do patient level costs vary between and within hospitals after con-
trolling for local price effects?. We performed a regression of the 
patient level price normalized cost of care dependent variable 
using hospital and physician as random effects as the sole 
explanatory variables. The intraclass correlation coefficients 
from this regression showed that 78% of the variation in price 
normalized knee replacement costs occurs between and within 
hospitals. Differences among hospitals account for 46% of the 
variation in price-normalized costs and the remaining 32% is 
among physicians operating within the same hospital. Simi-
larly, 84% of the variation in price normalized hip replacement 
costs is between and within hospitals. Between hospital varia-
tion accounts for 36% of the variation and 48% of the variation 
occurs among physicians operating within the same hospital.

The impact of organizational and operating environment charac-
teristics on inpatient cost of care after controlling for local price 
effects and patient characteristics. The results of the 3-level esti-
mation of patient level costs including patient, physician and 
hospital covariates are shown in the between hospital costs col-
umns in Table 4. Patient characteristics influenced total cost of 
care for both knee and hip replacements. Increasing age had a 
small negative impact on costs. Medicaid coverage (the govern-
ment sponsored insurance program for low-income individu-
als) had a small but positive effect on cost when compared to 
patients covered by Medicare and commercial insurance. Num-
ber of chronic conditions and obesity had a small but positive 
impact on costs.

Physician procedure volume produced a much greater 
impact on cost of care than the patient characteristics. The 
costs for high volume producing physicians (greater than 100 
procedures in our sample) were lower, however the physicians 

Table 3. Characteristics of patient population in study sample.

KNEE REPLACEMENT HIP REPLACEMENT

N 62 140 42 392

Hospitals 322 308

Physician/Hospital Pairs 2879 2296

Avg Cost—Single joint (price effects normalized) $15 361 $16 047

Avg Cost—Bilateral procedure (price effects normalized) $24 939 $26 766

% Procedures bilateral 4% 1%

% female 64% 55%

Avg age 67 65

Mean number of chronic conditions 5.17 4.90

% Obese 29% 21%

Primary payer 61% Medicare
5% Medicaid
33% Commercial
1% Other

55% Medicare
6% Medicaid
38% Commercial
1% Other
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who performed very few procedures (less than 5) at a hospital 
had significantly higher costs.

Hospital characteristics did influence the overall cost varia-
tion. However, the effect of hospital location and operating 
environment seemed to have a greater influence than organiza-
tional characteristics such as ownership structure, network or 
medical school affiliation and technology adoption. The 

hospital characteristics that produced the largest effects were 
whether the hospital was located in a metropolitan area (nega-
tive impact on cost) and classification as a critical access hospi-
tal (positive impact on cost). Hospital ownership status 
produced mixed results. For-profit ownership had a strong 
negative effect, but public or religious ownership, network or 
medical school affiliation did not produce a statistically 
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significant impact on cost. Lastly, the state where the hospital 
was located suggests the regional operating environment may 
impact inpatient costs. Hospitals in the state of Washington 
experienced significantly higher costs for both knee and hip 
replacement than both Florida and New York, even after 
adjusting costs for local price effects using the Medicare geo-
graphical adjustment factor.

Organizational characteristics associated with physician specif ic 
cost of care. The results of the 2-level model estimating the 
impact of physician procedure volume, physician patient popu-
lation characteristics, and hospital characteristics on physician 
mean total costs are shown in the within hospital variation col-
umns in Table 4. Physician specific costs were significantly 
driven by the patient characteristics and the volume of proce-
dures performed by the physician. Metropolitan setting and 
for-profit ownership were associated with significantly lower 
costs and being a critical access hospital or within Washington 
had a strong positive impact on cost. A measure used as a proxy 
for hospital management and technology investment policies 
- offering computer assisted orthopedic surgery - did not seem 
to impact physician practices nor costs. This does suggest that, 
even for correcting for local price effects and patient character-
istics, physician behaviors and production choices are impacted 
by the hospital setting.

Discussion
Variation in health care delivery and possible inefficiencies 
therein persist despite decades of work documenting and cata-
loging the variation. Despite recent movements to introduce 
systematic changes in the delivery of health care by altering 
incentives and implementing initiatives to curtail the use of 
practices not supported by evidence (eg, pay for performance, 
formation of Accountable Care Organizations and medical 
homes, public campaigns to reduce the use of low value or non-
evidence based practices such as “Choosing Wisely”) the 
change in practice has been slow. Although underlying concep-
tual models theorize that adoption decisions are influenced by 
the strength of supporting evidence, the literature provides 
examples of practices that have either weak supporting evi-
dence or have been disproven that continue to be used. Factors 
that have been associated with reluctance to de-adopt existing 
practices include fear of malpractice, lingering consumer pref-
erences, and uncertainty about the evidence.31,32

This study adds to the existing literature documenting vari-
ation between and within hospitals on the knee and hip 
replacement costs by providing insight into the impact of 
organizational structure and operating environment. A fuller 
understanding of the factors that contribute to variation will 
enable us to predict the impact of policy changes and design 
policies that provide the correct incentives. We chose hip and 
knee replacement procedures as our case study with the intent 
to start with the common, to inform production decisions for 
the innovative.

We found that there is indeed significant variation in the 
cost of care between hospitals and that hospital characteristics 
impact the mean cost of providing uncomplicated knee and 
hip replacement procedures, even after controlling for local 
price effects and patient characteristics. We find that costs had 
an inverse relationship with volume of procedures performed, 
both by the primary physician and the hospital itself. This 
finding points to possible operating economies of scale or cost 
efficiencies realized by higher volume providers. Hospital 
ownership control and setting were also found to have a sig-
nificant impact on costs. For-profit hospitals and those located 
in urban markets were found to have lower costs. Critical 
access hospitals were found to have higher costs, consistent 
with the incentives under the Medicare cost-based reimburse-
ment model in which critical access hospitals operate.

In addition to variation in cost of care among hospitals, we 
found significant variation in costs among physicians practic-
ing within an individual hospital. Variation in practice may be 
expected, and appropriate, depending on patient characteris-
tics, needs and preferences. However, our findings suggest that, 
even for correcting for local price effects and patient character-
istics, physician behaviors and production choices vary, impact-
ing cost of care.

The findings from this study demonstrate the need to con-
sider the broader organizational and management context 
when designing interventions to influence provider practice 
and evaluations of health services delivery. As noted health 
economist and policy expert Uwe Reinhardt wrote, 
“Understanding what motivates physician behavior is needed 
to . . . understand what policy levels may be used to influence 
physician practice.”33

This is the first step in identifying which factors promote 
appropriate use, identifying organizational factors that facili-
tate knowledge transfer and implementation of best practices, 
which characteristics increase efficiency and improve 
outcomes.

There are some important limitations of this data and our 
analyses. The SID provides discharge data for services pro-
vided on an inpatient basis. Thus, we are unable to compare 
joint replacement costs performed in the ambulatory versus 
inpatient setting. Our dataset contains limited information on 
specific physician characteristics, such as years in practice and 
hospital specific managerial and governance policies. This 
leaves substantial within-hospital variation still unexplained 
and additional nuances to be explored. We do not have data on 
outcomes, so we cannot draw any conclusions on the differ-
ences in costs and “appropriateness” of variation. Drawing con-
clusions on what variation is “appropriate” is beyond the scope 
of this study but should be the focus of future work. Lastly, our 
analysis focused on the patient’s primary physician while in the 
hospital. There may be multiple providers ordering services for 
the patient. Isolating the impact of the decisions made by “pri-
mary” provider from decisions made by other treating physi-
cians is beyond the scope of this study.
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Conclusions
This line of research provides an exploratory look at the factors 
that may be influencing the variation in inpatient hospital cost 
of care. These findings provide a foundation for understanding 
the organizational structure and operating environment on 
health services delivery. The findings presented in this study 
provide useful insight into the high-level organizational char-
acteristics on physician care delivery choices and patient costs. 
Our findings underscore the importance of considering organ-
izational factors in future policy and program design.
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