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ABSTRACT
The association between procedure vol-
ume and post-procedure outcomes such 
as mortality or perioperative complica-
tions has been studied since the 1970s 
for a wide variety of procedures. A 
clear understanding of the implications 
of procedure volume for healthcare 
policy is critical because payers in both 
the private and public sectors have be-
gun to develop policies that incorporate 
procedural volume data. 
In this review, we ask if procedure vol-
ume is a good surrogate measure of the 
quality of care. We focus specifi cally on 
literature related to total joint replace-
ment. We have examined procedure vol-
ume as a quality measure with respect 
to four criteria—validity, reliability, ac-
cessibility and capacity to enact policy. 
The strength of procedure volume as a 
quality indicator in total joint replace-
ment (and numerous other procedures) 
lies in its ease of access and the strength 
and consistency of its association with 
numerous important health outcomes. 
These include mortality, dislocation, 
infection, revision rates, length of stay, 
medical complications and improved 
patient satisfaction. 
Although the current outcomes of total 
joint replacement are generally excel-
lent, the large number of procedures 
performed annually makes even small 
improvements important. There is little 
information on the reliability of proce-
dure volume assessments over time. 
The major weakness of procedure 
volume as a quality measure lies in 
its limited capacity to suggest cogent 
policy decisions. For total joint re-
placement, studies have failed to iden-
tify the processes that mediate the ef-
fect of increased procedure volume on 
patient outcomes. Consequently, there 
are few options for improving proce-
dure volume beyond regionalization. 
More research is needed to identify the 
best method for regionalization and 
ensure that the access to health care 

of vulnerable populations is not com-
promised.

Introduction
The association between procedure vol-
ume and post-procedure outcomes such 
as mortality or perioperative complica-
tions has been studied since the 1970s 
(1). These studies of volume effects 
form part of the larger body of litera-
ture focused on quality improvement in 
health. Given that higher provider pro-
cedure volume is associated with better 
outcomes, it would seem natural that 
volume is a good marker of quality. We 
examine this contention carefully in 
this paper, using as our framework for 
quality the assertion that quality is “the 
degree to which health services for in-
dividuals and populations increase the 
likelihood of desired health outcomes 
and are consistent with current profes-
sional knowledge” (2, 3). 
We focus our discussion of quality here 
on total joint replacement. In 2004, 
431,000 total knee replacements (TKR) 
and 226,000 total hip replacements 
(THR) were performed in the United 
States (4). The annual national volume 
of TKRs has increased by more than 
10% per annum since the 1980’s (5). 
This trend will accelerate as the “baby 
boomer” population ages. Recent pro-
jections by Kurtz et al. suggest that the 
demand for TKR could grow as high as 
3.5 million per annum by 2030 (6).
We suggest that a good measure of 
quality must meet four criteria (Tab. I). 
The quality measure should be: (i) val-
id, in that it has an association with a 
desired health outcome; (ii) reliable, in 
that repeated measurements give simi-
lar results; (3) accessible, in that the 
data can be easily and inexpensively 
obtained; and (4) actionable, in that the 
measure points to changes in the proc-
ess or structure of care that in turn yield 
improved outcomes. The relationship 
of each of these elements to procedure 
volume is described below.

Procedure volume as a quality measure for total joint 
replacement

D.S. Meredith, J.N. Katz
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Validity
Donabedian, a pioneering theorist of 
quality of care research, identifi ed three 
types of data that can be used to evalu-
ate the quality of care: (i) structure, 
(ii) process, and (iii) outcomes (7, 8). 
Structural data comprise the tangible 
characteristics of personnel, hospitals 
and health systems. Typical examples 
include the number of operating rooms, 
whether a physical therapy group 
works on site, the level of staff training 
and experience, and procedure volume. 
Process data comprise the activities of 
health care: i.e., what actually happens. 
These include the interactions between 
clinicians and patients, such as the sur-
geon’s prescribing pre-operative anti-
biotics, post-operative beta-blockers, 
and 4 weeks of physical therapy. Out-
come data refer to the ultimate output 
of the system, such as patient mortality, 
infection rates, functional status and 
satisfaction. 
Aspects of structure or process are val-
uable for improving quality of care if 
they lead to improvements in outcome 
or, conversely, if the identifi cation of 
poor outcomes can lead to changes in 
structure or in the process of care. For 
example, outcome data on infection are 
most valuable if they can be related to 
a structure (such as the use of lami-
nar fl ow hoods in operating rooms) or 
process (the timely delivery of peri-
operative antibiotics, or the removal 
of Foley catheters) that can be altered 
to reduce infection rates in the future. 
Thus, the validity of procedure volume 
as an indicator of quality is determined 
by how closely the data are associated 
with desired health outcomes. 

Procedure volume and outcomes
The literature investigating the as-
sociation of procedure volume with 
post-procedure outcome is extensive. 

Studies showing an inverse relation-
ship between hospital and/or surgeon 
procedure volume and the rates of 
mortality, functional status or surgical 
complications have included a wide ar-
ray of procedures including coronary 
artery bypass grafting (9, 10), coronary 
angioplasty (11-14), carotid endarter-
ectomy (15), abdominal aortic aneu-
rysm repair (16), cancer surgery (17), 
pancreatic surgery (18, 19), liver trans-
plantation (20) and cataract surgery 
(21). In the orthopedic literature, stud-
ies have included primary and revision 
arthroplasty of the hip (22-24), knee 
(25-27) and shoulder (28-30), as well 
as spinal fusion (31, 32) and hip frac-
ture fi xation (33-35). A recent compre-
hensive review of this literature con-
cluded that 77% of published reports 
found signifi cant inverse associations 
between provider volume and mortal-
ity, functional status or complications 
(36). The mechanisms and even the 
direction of these associations are not 
clearly defi ned. 
The orthopedic literature includes 
objective outcomes such as mortal-
ity, infection, dislocation, pulmonary 
embolism and revision rates, as well 
as patient-centered outcomes that are 
assessed using validated instruments 
such as the Western Ontario and Mc-
Master Universities Osteoarthritis In-
dex (WOMAC) or the Harris Hip Score 
(37-40) and patient satisfaction. To 
convey the magnitude of these volume 
effects, we will highlight the results 
from some of the larger studies in this 
literature that have adequate statistical 
adjustment for age, gender and patient 
co-morbidities. 

Mortality
Kreder et al. reviewed claims from 
8,000 primary THRs in the Compre-
hensive Hospital Abstract Report-

ing System (CHARS) database from 
the Washington State Department of 
Health (23). They found a 3-fold to 4-
fold increase in the risk of mortality at 
90 days post-operation for low-volume 
surgeons (< 2 per year; 2.1% mortality) 
compared with high-volume surgeons 
(> 10 per year; 0.5% mortality). A later 
study by Katz et al. of 58,500 primary 
THRs and 13,000 revision THRs from 
Medicare claims supported this trend 
(22). Additionally, they showed an ef-
fect for hospital volume in primary 
THRs, with an increased mortality in 
low-volume hospitals (< 10 per year) 
of 1.3% versus 0.7% in high-volume 
hospitals (> 100 per year). A similar, ap-
proximately 2-fold increase in mortal-
ity was observed for surgeon volume in 
revision THRs. Analogous results have 
been reported following total shoulder 
replacement (TSR) (28, 29). However, 
population-based studies in Ontario by 
Kreder et al. for both TKR and THR 
did not fi nd a signifi cant association 
between mortality and procedure vol-
ume (41, 42). A study by Katz et al. 
looking at Medicare claims for TKR 
failed to fi nd an association between 
procedure volume and mortality alone, 
but did detect a signifi cant association 
between procedure volume and an ag-
gregation of several post-operative 
complications (43). Differences across 
studies in sample size and in the dis-
tribution of patients between the lower 
and higher volume hospitals could ac-
count for some discrepancies.

Infection
With respect to THR, the study by 
Kreder et al. of the Washington State 
CHARS database found that low-vol-
ume surgeons had a 4.3-fold increased 
risk of deep tissue infection requiring 
some intervention such as debridement 
or removal of the implant, as com-
pared with higher volume surgeons 
(23). The absolute mean increase was 
from 0.3% to 1.1%. Katz et al. found 
non-signifi cant trends for both surgeon 
and hospital volume in both primary 
and revision THR (22). With respect to 
TKR, both Katz et al. and Kreder et al. 
failed to show a signifi cant association 
between procedure volume and infec-
tion (41, 43). Jain et al. also reported 

Table. I.

  Characteristics of a good quality measure

Valid The measure has an association with an important health outcome.

Reliable Repeated measurements will give similar results.

Accessible The data can be easily and inexpensively obtained.

Actionable The measure leads naturally to changes in the process or structure of care that in   
 turn will yield improved outcomes.
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a signifi cant decrease in infection rates 
for high-volume surgeons performing 
TSR (29).

Dislocation
Katz et al. found strong associations 
between both hospital and surgeon vol-
ume and dislocation at 90 days follow-
ing primary and revision THR (22). The 
rate of dislocation after revision THR 
in low-volume hospitals (< 5 per year) 
was 9.8% compared with 4.2% in high-
volume hospitals. The effect of surgeon 
volume was more pronounced, with 
low-volume surgeons (< 5 per year) 
having a dislocation rate of 4.2% versus 
1.5% for high-volume surgeons (> 50 
per year) following primary THR.

Revision
Kreder et al. found that low-volume 
surgeons had a nearly 3-fold increase 
in revision rates at 90 days post-prima-
ry THR, and low-volume hospitals had 
a 2.2-fold increase in rates of revision 
following TKR at 1 and 3 years post-
operation (23, 41). Losina et al. simi-
larly found that high-volume surgeons 
had lower rates of THR revision at 4 
years follow-up, with the effect being 
most pronounced in the fi rst 18 months 
post-operation (44). 

Length of stay
Kreder et al. found that patients of 
low-volume surgeons had signifi cantly 
longer lengths of stay for both primary 
THR and TKR (23, 41, 42). The mag-
nitude of this effect for primary THR 
ranged from 0.8 days longer in the 
CHARS database from Washington 
State to 2.4 days longer in the Ontario 
Health Insurance Plan (OHIP) data-
base. Similarly, the TKR length of stay 
for low-volume surgeons was on aver-
age 1.4 days longer than for high-vol-
ume surgeons in the OHIP database. 
Jain et al. also demonstrated decreased 
lengths of stay in patients of higher vol-
ume surgeons undergoing TSR (29).

Patient-centered outcomes
Katz et al. investigated the effect of 
hospital and surgeon volume on the 
WOMAC pain and function indices, on 
a self-administered form of the Harris 
Hip Score, and on patient satisfaction 

at 3 years following THR (24). They 
found a signifi cant association between 
both higher surgeon and hospital vol-
ume and increased patient satisfaction. 
However, there was no signifi cant as-
sociation with the WOMAC or Har-
ris Hip scores in their multivariate 
analysis. Katz et al. also investigated 
the WOMAC indices and patient satis-
faction following TKR (25) and found 
signifi cant associations between high-
volume hospitals and surgeons and 
more favorable WOMAC function 
scores and patient satisfaction. Volume 
was not associated with the WOMAC 
pain scores. The proportion of patients 
with WOMAC functional status scores 
< 60 was 12% in hospitals where > 200 
TKRs were performed per year ver-
sus 19% in hospitals with ≤ 10 cases 
per year. Similarly, the proportion of 
patients with WOMAC functional sta-
tus scores < 60 was 10% for surgeons 
performing > 50 TKRs per year ver-
sus 20% for surgeons performing ≤ 12 
TKRs per year.

Medical complications
Medical complications that have been 
investigated include pulmonary em-
bolus, pneumonia and myocardial inf-
arction. Katz et al. found a signifi cant 
inverse trend between the pooled anal-
ysis of all of the above medical com-
plications following TKR and higher 
hospital volume (43). However, there 
was no signifi cant association between 
volume and pulmonary embolus alone 
following THR (22).

Summary of volume effects
Taken as a whole, the procedure vol-
ume literature for common orthopedic 
surgeries is strongly associated with 
better outcomes for a number of vari-
ables including mortality, dislocation, 
revision, medical complications, pa-
tient satisfaction and length of stay. A 
recent structured review of the ortho-
pedic literature relating to procedure 
volume and patient outcomes supports 
this conclusion (45). Specifi cally, it 
found strong associations between 
higher hospital volume and lower rates 
of mortality and hip dislocation, as 
well as between surgeon volume and 
hip dislocation. Although the results 

of total joint replacement are gener-
ally excellent, even for low-volume 
providers, the large volume of proce-
dures performed annually makes even 
small improvements highly important. 
For instance, if all of the approximately 
6,700 Medicare patients who had a pri-
mary total hip replacement in centers 
with annual procedure volumes of < 10 
in 1995 were referred to centers where 
> 100 such procedures were done an-
nually, 40 lives would have been saved 
(number needed to treat = 167) (46).
A notable limitation of this literature 
is the lack of clinical information from 
claims data (47, 48). Procedure com-
plexity can be especially important 
for revision surgery. The large sample 
sizes compensate to some extent for 
this defi cit. Nonetheless, many of the 
non-signifi cant associations in the lit-
erature may arise from the lack of sta-
tistical power to examine rare adverse 
events following total joint replace-
ment. Inconsistencies in this literature 
can also be partially explained by the 
limitations imposed on the data sources 
by the study design, such as a possibly 
inadequate adjustment for patient case 
mix and the collection of data only for 
acute hospital admissions. 
Cut-offs for low- and high-volume vary 
across studies. For example, Taylor et 
al. did not adjust for age, gender or pa-
tient co-morbidities (31). Studies have 
shown that low-volume hospitals treat 
an older population with more co-mor-
bidities than high-volume centers (23, 
30). Studies such as those by Norton et 
al., Hervey et al. and Jain et al. account 
only for events occurring during the 
acute hospital admission (27, 29, 49). 
This introduces bias for two reasons: 
(i) high-volume centers have a shorter 
length of stay, and (ii) the majority of 
perioperative events occur after dis-
charge (50).

Reliability
A second component of a good quality 
measure is its reliability. In this review, 
we use reliability to refer to the repro-
ducibility of assessing procedure vol-
ume over time. Since the data for pro-
cedure volume are derived from claims 
databases, there should be little varia-
tion in repeated assessments of volume 
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for the same procedure over the same 
time period. That is, we anticipate that 
procedure volume assessments are not 
subject to the inter-test variability in-
herent in tests that involve interpreta-
tion, such as radiographic or pathologic 
readings. However, procedure volume 
can change over time for both sur-
geons and hospitals. Fluctuations can 
result from changes in the underlying 
frequency of disease (fewer fractures, 
fewer fracture repairs), changes in 
community capacity (a new surgeon 
moves to town and begins operating), 
and changes in patient preferences for 
undergoing the procedure. We are not 
aware of any peer-reviewed literature 
that estimates these longitudinal fl uc-
tuations in procedure volume. Con-
sequently, it is diffi cult to assess their 
impact on the reliability of procedure 
volume. 
Changes caused by improved outcomes 
are a second potential source of fl uctua-
tions in procedure volume. This theory 
underlies one of the potential mecha-
nisms by which increased procedure 
volumes are associated with better out-
comes. The idea is that a hospital with 
better outcomes will be recognized by 
patients and referring providers and, 
consequently, have increased volume. 
Katz et al. have investigated this poten-
tial mechanism using procedure vol-
ume residuals for THR (46). A proce-
dure volume residual is the difference 
between the THR volume of a hospi-
tal that can be predicted on the basis 
of its number of beds and its teaching 
status, and the actual number of THR 
performed. If outcomes drive volume, 
then the residual should be associated 
with mortality — that is, a hospital with 
a relatively high mortality rate should 
do fewer THRs than expected and vice 
versa. However, residuals explained 
almost none (0.04%) of the variability 
in mortality within the model of Katz 
et al.
In a separate study, Hannan et al. 
looked at the results of public report-
ing of risk-adjusted mortality fi gures 
for cardiac surgery in New York State 
(51). When mortality data were fi rst 
made available in 1989, 9% of patients 
were having surgery at hospitals with 
risk-adjusted mortality fi gures signifi -

cantly higher than the state average. 
Four years later, the number of patients 
having surgery at centers with a signifi -
cantly higher reported mortality was 
10%. Although causality cannot be es-
tablished with certainty in the absence 
of a randomized controlled trial, these 
results suggest that outcomes do not 
drive procedure volume changes over 
time. In summary, further research is 
needed to quantify the magnitude of 
volume changes over time, but we can-
not identify any quality of care mecha-
nisms that would directly alter proce-
dure volume over time.

Accessibility
A major advantage of procedure vol-
ume data for assessing quality of care 
is that they can be accessed easily and 
relatively inexpensively. Currently, 
there are multiple sources for proce-
dure volume data. Claims databases 
referenced in this review include Medi-
care (22, 43), the Canadian Institute for 
Health Information (CIHI) (42), the 
Ontario Health Insurance Plan (OHIP) 
database (41), the Statewide Planning 
and Research Cooperative System 
(SPARCS) database from the New 
York State Department of Health (30), 
the Nationwide Inpatient Sample (NIS) 
database from the Healthcare Cost and 
Utilization Project (HCUP) (29), the 
Maryland Health Services Cost Re-
view Commission hospital discharge 
database (28), and the Comprehensive 
Hospital Abstract Reporting System 
(CHARS) database from the Washing-
ton State Department of Health (23). 
These resources encompass data on a 
statewide or nationwide scale. They 
can be accessed less expensively and 
with less administrative effort than 
many other sources for quality of care 
measures such as process data or func-
tional outcome questionnaires. 

Policy implications
A clear understanding of the implica-
tions of procedure volume for health-
care policy is critical, because payers 
in both the private and public sectors 
have started paying attention to vol-
ume. For instance, the Leapfrog Group, 
a consortium of major businesses dedi-
cated to improving healthcare quality 

and effi ciency, has recommended that 
its client organizations use only high-
volume providers for selected surgical 
procedures (52). Similarly, The Centers 
for Medicare and Medicaid Services 
(CMS), which manages the Medicare 
program, has initiated a pilot program 
that designates centers of excellence 
for total hip and knee replacement sur-
gery. However, the debate on this issue 
is far from settled. In this section we 
will focus on the diffi culties of imple-
menting policy to improve outcomes 
based on procedure volume data. 
The most frequently discussed policy 
intervention to address procedure vol-
ume effects is regionalization. This 
refers to preferential referral of pro-
cedures to selected centers to increase 
procedure volume. One of the oldest 
forms of regionalization is government 
certifi cate-of-need (CON) regulations. 
CON programs concentrate expensive 
healthcare services in a limited number 
of institutions by requiring prior ap-
proval before these services can be of-
fered. CON laws for cardiac surgery 
are currently present in 26 states and 
Washington DC. A recent study by 
Vaughan-Sarrazin et al. showed that 
CON laws have a signifi cant benefi cial 
effect, both increasing coronary ar-
tery bypass graft (CABG) procedural 
volume and improving mortality for 
elderly Medicare patients (53). How-
ever, a subsequent study by DiSesa et 
al. using the Society of Thoracic Sur-
geons’ National Cardiac Database did 
not fi nd that CON programs had any 
effect on CABG-related mortality after 
adjustment for the patient mix, region 
and population density (54). CON pro-
grams comprise one of the few exam-
ples where we have data on the effect of 
policies aimed at increasing procedure 
volume. More research is needed to 
document the effect of regionalization 
programs on desired health outcomes 
such as mortality.
One limitation of structural data such 
as procedure volume is that they do not 
offer as many options to intervene as 
process data. It is generally presumed 
that procedure volume is a proxy for 
one or multiple processes of care that 
improve outcomes. For example, a 
study by Sollano et al. found that 
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the effect of procedural volume for 
CABG-related mortality was reduced 
to an insignifi cant level when the au-
thors adjusted for the effects of New 
York State’s CABG quality improve-
ment program (55), suggesting that 
high-volume hospitals performed well 
because they had adopted the qual-
ity improvement program. However, 
in the orthopedic literature efforts to 
identify processes of care that explain 
a signifi cant proportion of the vol-
ume effect have not yielded plausible 
explanations (56). Solomon et al. ex-
amined a variety of hospital character-
istics including teaching program sta-
tus, JCAHO accreditation, dedicated 
orthopedic surgery operating rooms, 
care pathways, nurse-to-patient ratios, 
physical therapy and the presence of 
laminar exhaust systems. The associa-
tion of these factors with outcome was 
very modest and far less potent than the 
association with surgeon volume. Con-
sequently, the only consistently sup-
ported mechanism by which procedure 
volumes exert their effect on outcomes 
of orthopedic procedures is the idea 
that “practice makes perfect.” This rep-
resents a limitation in that low-volume 
hospitals or surgeons may face barriers 
that curb their ability to become high-
volume providers.
The foregoing suggests that volume ef-
fects cannot be remedied at the process 
level given current knowledge. How 
then can volume effects be addressed 
with policy remedies? Payer level inter-
ventions present the most obvious fi rst 
choice. Payers [both federal (Medicare, 
Medicaid) and private] can steer pa-
tients to higher volume centers if they 
wish, and several such regionalization 
initiatives have been launched. How-
ever, restricting the patient’s choice of 
hospitals may diminish patient satis-
faction regardless of the surgical out-
come (57). 
Another option is to maximize patient 
choice by informing patients and ask-
ing them to make decisions. However, 
survey data show that very few elderly 
patients considered information on vol-
ume or mortality in deciding where to 
have surgery, even when the data was 
publicly available (58, 59). This is an 
important limitation, indicating that 

the factors necessary to effect a change 
in health behavior are frequently com-
plex. One of the most widely used con-
ceptual frameworks of health behavior, 
the Health Belief Model, stipulates that 
to effect a change the patient must be 
convinced that: (i) they are at risk for a 
potentially adverse event such as surgi-
cal complications; (ii) the adverse out-
comes are severe enough to merit con-
cern; (iii) alternatives are available to 
reduce the risk of an adverse event; and 
(iv) their own personal barriers to im-
plementing a given alternative can be 
overcome (60). It is unlikely that pas-
sive intervention such as mailings from 
the payer or posting data on a website 
will facilitate these processes and effect 
a change in behavior. Active interven-
tion is needed at multiple levels of the 
healthcare system to integrate proce-
dure volume effectively into everyday 
decision-making about where to have a 
procedure performed. This constitutes 
an important area for further work. 
Of note, 73% of the patients surveyed 
said that their referring provider played 
a dominant or equal role in deciding 
where to have surgery. Consequently, 
the dissemination of procedure vol-
ume information to referring providers, 
combined with education on how to in-
terpret this data, could have the great-
est impact while maintaining patient 
choice.
Another issue for policy-making is 
whether there is a threshold level where 
the maximum effect from volume is 
seen. However, there is no defi nitive an-
swer to this question at this time. The 
studies of Katz and colleagues suggest 
that there may be no discrete threshold 
for THR outcomes (22), but that there 
may indeed be a threshold (around 25 
cases per year) for TKR outcomes (43).
Finally, while there may be a strong as-
sociation between procedure volume 
and improved outcomes, there could 
also be unforeseen consequences to 
regionalization policies that need to be 
considered. Approximately 50% of all 
the hospitals providing TKR within the 
Medicare claims database are low-vol-
ume providers (< 26 per year), account-
ing for 13% of all TKRs performed an-
nually (61). Recent studies show that 
the population served by these low-vol-

ume hospitals is comparatively poor, 
rural, less educated, and elderly with 
a higher prevalence of ethnic and ra-
cial minorities (62). Such “vulnerable” 
populations already have lower rates 
of total joint replacement after adjust-
ments for age and patient co-morbidi-
ties (63-66) (see chapter by Emejuaiwe, 
Kwoh, et al. in this volume). Studies 
have shown that some patients would 
refuse surgery entirely if their only op-
tion was a distant or unfamiliar center 
(67). Alternately, a signifi cant delay in 
time to surgery for total joint replace-
ment is also associated with signifi cant-
ly worse outcomes (47, 48). Regionali-
zation policies must take into account 
these vulnerable populations so that we 
do not trade large reductions in access 
to care for small improvements in peri-
operative complication rates. 

Conclusion
Increasingly, payers in both the private 
and public sectors are using procedure 
volume to enhance patient safety. We 
have examined procedure volume as 
a quality measure with respect to four 
criteria: validity, reliability, accessibil-
ity and actionability – the capacity to 
enact policy based on procedure vol-
ume. A summary of our conclusions 
can be found in Table II. The strength 
of procedure volume lies in its ease of 
access and the strength and consist-
ency of its association with important 
health outcomes, including mortality, 
dislocation, infection, revision rates, 
length of stay, medical complications, 
and improved patient satisfaction, for 
numerous procedures including total 
joint replacement. Although the current 
outcomes of total joint replacement are 
generally excellent, the large number of 
procedures performed annually renders 
even small advances in safety impor-
tant. There is very little information on 
the reliability of procedure volume as-
sessments over time. The major weak-
nesses of procedure volume as a quality 
measure arise from their limited capac-
ity to suggest policy remedies. For total 
joint replacement, studies have failed 
to identify the mediating processes that 
could explain why increased volume 
leads to better outcomes. Consequent-
ly, there are few options for improving 
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procedure volume beyond regionaliza-
tion policy. More research is needed to 
identify the best strategies for regional-
ization and to ensure that the access to 
health care of vulnerable populations is 
not compromised. 

References
  1. LUFT HS, BUNKER JP, ENTHOVEN AC: 

Should operations be regionalized? The em-
pirical relation between surgical volume and 
mortality. N Engl J Med 1979; 301: 1364-9.N Engl J Med 1979; 301: 1364-9.N Engl J Med

  2. LOHR KN, DONALDSON MS, HARRIS-     
WEHLING J: Medicare: a strategy for qual-
ity assurance. V. Quality of care in a chang-
ing health care environment. Qual Rev Bull
1992; 18: 120-6.

  3. LOHR KN (Ed.): Medicare: A Strategy for 
Quality Assurance. Washington, DC, Na-
tional Academy Press, 1990.

  4. AHRQ: HCUP Interactive Database. Agency 
for Health Care Quality and Research. Rock-
ville MD. Available at http://www.ahrq.gov/
hcupnet.asp.

  5. KATZ BP, FREUND DA, HECK DA et al.: De-
mographic variation in the rate of knee re-
placement: A multi-year analysis. Health 
Serv Res 1996; 31: 125-40.

  6. KURTZ S, ONG K, LAU E, MOWAT F, HALP-
ERN 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.

  7. DONABEDIAN A: Explorations in Quality As-
sessment and Monitoring, vols. 1-3. Ann Ar-
bor, MI, Health Administration Press, 1980, 
1982, 1985.

  8. BROOK RH, MCGLYNN EA, CLEARY PDGLYNN EA, CLEARY PDGLYNN EA, CLEARY : 
Quality of health care. Part 2. Measuring 
quality of care. N Engl J Med 1996; 335; N Engl J Med 1996; 335; N Engl J Med
966-70. 

  9. GRUMBACH K, ANDERSON GM, LUFT HS, 
ROOS LL, BROOK R: Regionalization of car-
diac surgery in the United States and Canada: 
Geographic access, choice and outcomes. 
JAMA 1995; 274: 1282-8.

10. SHOWSTACK JA, ROSENFELD KE, GARNICK 
DW, LUFT HS, SCHAFFARZICK RW, FOWLES
J: Association of volume with outcome of 
coronary artery bypass graft surgery: Sched-
uled vs. non-scheduled operations. JAMA
1987; 257: 785-9.

11. HANNAN EL, RACZ M, RYAN TJ et al.: Coro-
nary angioplasty volume-outcome relation-
ships for hospitals and cardiologists. JAMA
1997; 227: 892-8.

12. JOLLIS JG, PETERSON ED, DELONG ER et al.: 
The relation between the volume of coronary 
angioplasty procedures at hospitals treating 
Medicare benefi ciaries and short-term mor-
tality. N Engl J Med 1994; 331: 1625-9.N Engl J Med 1994; 331: 1625-9.N Engl J Med

13. JOLLIS JG, PETERSON ED, NELSON CL et al.: 
Relationship between physician and hospital 
coronary angioplasty volume and outcome in 
elderly patients. Circulation 1997; 95: 2485-
91.

14. KIMMEL SE, BERLIN JA, LASKEY WKKIMMEL SE, BERLIN JA, LASKEY WKKIMMEL SE, BERLIN JA, LASKEY : The 
relationship between coronary angioplasty 

procedure volume and major complications. 
JAMA 1995; 274: 1137-42.

15. HANNAN EL, POPP AJ, TRANMER B, FUES-
TEL P, WALDMAN J, SHAH D: Relationship 
between provider volume and mortality for 
carotid endarterectomies in New York State. 
Stroke 1998; 29: 2292-7.

16. MANHEIM LM, SOHN MW, FEINGLASS J, 
UJIKI M, PARKER MA, PEARCE WH: Hospital 
vascular surgery volume and procedure mor-
tality rates in California, 1982-1994. J Vasc 
Surg 1998; 28: 45-56.

17. BEGG CB, CRAMER LD, HOSKINS WJ, BREN-
NAN MF: Impact of hospital volume on op-
erative mortality for major cancer surgery. 
JAMA 1998; 280: 1747-51.

18. GORDON TA, BOWMAN HM, TIELSCH JM, 
BASS EB, BURLEYSON GP, CAMERON JL: 
Statewide regionalization of pancreaticoduo-
denectomy and its effect on in-hospital mor-
tality. Ann Surg 1998; 228: 71-8.

19. IMPERATO PJ, NENNER RP, STARR HA, WILL 
TO, ROSENBERG CR, DEARIE MB: The ef-
fects of regionalization on clinical outcomes 
for a high risk surgical procedure: A study of 
the Whipple procedure in New York State. 
Am J Med Qual 1996; 11: 193-7.Am J Med Qual 1996; 11: 193-7.Am J Med Qual

20. EDWARDS EB, ROBERTS JP, MCBRIDE MA, 
SCHULAK JA, HUNSICKER LG: The effect of 
the volume of procedures at transplantation 
centers on mortality after liver transplanta-
tion. N Engl J Med 1999; 341: 2049-53.N Engl J Med 1999; 341: 2049-53.N Engl J Med

21. NINN-PEDERSON K, STENEVI U: Cataract 
surgery in a Swedish population: Observa-
tions and complications. J Cataract Refract 
Surg 1996; 22: 1498-505.

22. KATZ JN, LOSINA E, BARRETT J et al.: As-
sociation between hospital and surgeon pro-
cedure volume and outcomes of total hip 
replacement in the United States Medicare 
population. J Bone Joint Surg Am 2001; 83: 
1622-9.

23. KREDER HJ, DEYO RA, KOEPSELL T, 
SWIONTKOWSKI MF, KREUTER W: Relation-
ship between the volume of total hip replace-
ment performed by providers and the rates of 
post-operative complications in the state of 
Washington. J Bone Joint Surg Am 1997; 79: 
485-94.

24. KATZ JN, PHILLIPS CB, BARON JA et al.: As-
sociation of hospital and surgeon volume of 
total hip replacement with functional status 
and satisfaction three years following sur-
gery. Arthritis Rheum 2003; 48: 560-8.

25. KATZ JN, MAHOMED NN, BARON JA et al.: 
Association of hospital and surgeon proce-
dure volume with patient-centered outcomes 
of total knee replacement in a population-
based cohort of patients age 65 years and 
older. Arthritis Rheum 2007; 56: 568-74.

26. SOLOMON DH, CHIBNIK LB, LOSINA ESOLOMON DH, CHIBNIK LB, LOSINA ESOLOMON DH, CHIBNIK LB, LOSINA et al.: 
Development of a preliminary index that pre-
dicts adverse events after total knee replace-
ment. Arthritis Rheum 2006; 54: 1536-42.

27. NORTON EC, GARFINKEL SA, MCQUAY LJQUAY LJQUAY
et al.: The effect of hospital volume on the 
in-hospital complication rate in knee replace-
ment patients. Health Serv Res 1998; 33: 
1191-210.

28. HAMMOND JW, QUEALE WS, KIM TK, MC-
FARLAND EG: Surgeon experience and clini-
cal and economic outcomes for shoulder ar-

Table. II.

Summary of procedure volume as a quality measure for total joint replacement

Valid In larger studies with adequate statistical adjustment for patient age and co-morbidities, 
procedure volume at the surgeon and hospital levels has been shown to have a signifi -
cant association with multiple important health outcomes after total joint replacement, 
including:
• Mortality
• Dislocation
• Infection requiring debridement or implant extraction
• Medical complications (pneumonia, myocardial infarction and pulmonary embolism)
• Revision rates
• Length of stay
• Functional outcomes (WOMAC scores for TKR only)
• Patient satisfaction

Reliable The variation in hospital volume from year to year is unclear. However, outcomes do not 
appear to directly infl uence volume.

Accessible Procedure volume data are easily and inexpensively accessed from multiple state and 
nation-wide databases.

Actionable • No processes have been identifi ed that can explain the benefi cial effect of increased   
procedure volume.
• Regionalization is the most commonly discussed method for increasing procedure vol-
ume. One of the few regionalization policies for which data are available is the so-called 
Certifi cate of Need (CON) Regulations. Regionalization has had inconclusive results 
with respect to improved health outcomes for cardiac surgery.
• Focusing on referring physicians is likely to be the most effective approach in directing 
patients to high-volume hospitals. Payer-level interventions that restrict patient choice 
may reduce patient dissatisfaction.
• Vulnerable populations such as the poor, uneducated, elderly and ethnic/racial minori-
ties are most likely to be adversely affected by regionalization policies. Their needs 
should be taken into consideration.



S-43

Is procedure volume a good measure of quality? / D.S. Meredith & J.N. Katz

throplasty. J Bone Joint Surg Am 2003; 85: 
2318-24.

29. JAIN N, PIETROBON R, HOCKER S, GULLER 
U, SHANKAR A, HIGGINS LD: The relation-
ship between surgeon and hospital volume 
and outcomes for shoulder arthroplasty. J 
Bone Joint Surg Am 2004; 86: 496-505.

30. LYMAN S, JONE EC, BACH PB, PETERSON 
MGE, MARX RG: The association between 
hospital volume and total shoulder arthro-
plasty outcomes. Clin Orthop Relat Res
2005; 432: 132-7.

31. TAYLOR HD, DENNIS DA, CRANE HS: Rela-
tionship between mortality rates and hospital 
patient volume for Medicare patients under-
going major orthopaedic surgery of the hip, 
knee, spine, and femur. J Arthroplasty 1997; 
12: 235-42.

32. VITALE MA, ARONS RR, HYMAN JE, SKAGGS 
DL, ROYE DP, VITALE MG: The contribution 
of hospital volume, payer status, and other 
factors on the surgical outcomes of scoliosis 
patients: A review of 3,606 cases in the state 
of CA. J Pediatr Orthop 2005; 25: 393-9.

33. HAMILTON BH, HAMILTON VH: Estimating 
surgical volume-outcome relationships ap-
plying survival models: accounting for frailty 
and hospital fi xed effects. Health Econ 1997; 
6: 383-95.

34. HUGHES RG, GARNICK DW, LUFT HS, 
MCPHEE SJ, HUNT SS: Hospital volume and 
patient outcomes: The case of hip fracture 
patients. MedCare 1988; 26: 1057-67.

35. SHAH SN, WAINESS RM, KARUNAKAR MA: 
Hemi-arthroplasty for femoral neck fracture 
in the elderly surgeon and hospital volume-
related outcomes. J Arthroplasty 2005; 20: 
503-8.

36. HEWITT M for the COMMITTEE ON QUALITY OF 
HEALTH CARE IN AMERICA and the NATIONAL 
CANCER POLICY BOARD: Interpreting the vol-
ume-outcome relationship in the context 
of health care quality: workshop summary 
(2000). Books.nap.edu/books/NI000322/
html/index.html. Accessed 19 Feb and 6 May 
2002.

37. BELLAMY N, BUCHANAN WW, GOLDSMITH 
CH, CAMPBELL J, STITT LW: Validation study 
of WOMAC: A health status instrument for 
measuring clinically important patient rel-
evant outcomes to anti-rheumatic drug thera-
py in patients with osteoarthritis of the hip or 
knee. J Rheumatol 1988; 15: 1833-40. J Rheumatol 1988; 15: 1833-40. J Rheumatol

38. BELLAMY N, KEAN WF, BUCHANAN WW, 
GERECZ-SIMON E, CAMPBELL JGERECZ-SIMON E, CAMPBELL JGERECZ-SIMON E, CAMPBELL : Double-
blind randomized controlled trial of sodium 
meclofenamate (Meclomen) and diclofenac 
sodium (Voltaren): Post-validation re-appli-
cation of the WOMAC Osteoarthritis Index. 
J Rheumatol 1992; 19: 153-9.J Rheumatol 1992; 19: 153-9.J Rheumatol

39. HARRIS WH: Traumatic arthritis of the hip 
after dislocation and acetabular fractures: 
Treatment by mold arthoplasty. An end-
result study using a new method of result 
evaluation. J Bone Joint Surg Am 1969; 51: 

737-55.
40. MAHOMED NN, ARNDT DC, MCGRORY BJ, 

HARRIS WH: The Harris hip score: Compari-
son of patient self-report with surgeon as-
sessment. J Arthroplasty 2001; 16: 575-80.

41. KREDER HJ, GROSSO P, WILLIAMS JI et al.: 
Provider volume and other predictors of out-
come after total knee arthroplasty: A popula-
tion study in Ontario. Can J Surg 2003; 46: 
15-22.

42. KREDER HJ, WILLIAMS JI, JAGLAL S, HU 
R, AXCELL T, STEPHEN DJ: Are complica-
tion rates for elective total hip arthroplasty 
in Ontario related to surgeon and hospital 
volumes? A preliminary investigation. Can J 
Surg 1998; 41: 431-7.

43. KATZ JN, BARRETT JA, MAHOMED NN, 
BARON JA, WRIGHT RJ, LOSINA EBARON JA, WRIGHT RJ, LOSINA EBARON JA, WRIGHT RJ, LOSINA : Associa-
tion between hospital and surgeon procedure 
volume and the outcomes of total knee re-
placement. J Bone Joint Surg Am 2004; 86: 
1909-16.

44. LOSINA E, BARRETT JA, MAHOMED NN, 
BARON JA, KATZ JN: Early failures after total 
hip replacement: Effect of surgeon volume. 
Arthritis Rheum 2004; 50: 1338-43.

45. SHERVIN N, RUBASH HE, KATZ JN: Ortho-
paedic procedure volume and patient out-
comes: A systematic literature review. Clin 
Orthop Relat Res 2007; 457: 35-41.

46. KATZ JN, LOSINA E, PHILLIPS CB et al.: The 
relationship of surgical volume to quality of 
care: Scientifi c considerations and policy im-
plications. J Bone Joint Surg Am 2002; 84: 
1483-5.

47. FORTIN PR, PENROD JR, CLARKE AE et al.: 
Timing of total joint replacement affects 
clinical outcomes among patients with oste-
oarthritis of the hip or knee. Arthritis Rheum
2002; 46: 3327-30.

48. FORTIN PR, CLARKE AE, JOSEPH L et al.: 
Outcomes of total hip and knee replacement: 
Pre-operative functional status predicts out-
comes at six months after surgery. Arthritis 
Rheum 1999; 42: 1722-8.

49. HERVEY SL, PURVES HR, GULLER U, TOTH 
AP, VAIL TP, PIETROBON R: Provider volume 
of total knee arthroplasties and patient out-
comes in the HCUP Nationwide Inpatient 
Sample. J Bone Joint Surg Am 2003; 85: 
1775-83.

50. PHILLIPS CB, BARRETT JA, LOSINA EPHILLIPS CB, BARRETT JA, LOSINA EPHILLIPS CB, BARRETT JA, LOSINA et al.: 
Incidence rates of dislocation, pulmonary 
embolism, and deep infection during the fi rst 
six months after elective total hip replace-
ment. J Bone Joint Surg Am 2003; 85: 20-6.

51. HANNAN EL, KUMAR D, RACZ M, SIU AL, 
CHASSIN MR: New York State’s cardiac sur-
gery reporting system 4 years later. Ann Tho-
rac Surg 1994; 58: 1852-7.

52. URL: http://www.leapfroggroup.org/Fact 
Sheets/EHR_FactSheet. Pdf.

53. VAUGHAN-SARRAZIN MS, HANNAN EL, 
GORMLEY CJ, ROSENTHAL GEGORMLEY CJ, ROSENTHAL GEGORMLEY CJ, ROSENTHAL : Mortality in 
Medicare benefi ciaries following coronary 

artery bypass graft surgery in states with and 
without certifi cate-of-need regulation. JAMA
2002; 288: 1859-66.

54. DISESA VJ, O’BRIEN SM, WELKE KF et al.: 
Contemporary impact of state certifi cate-
of-need regulations for cardiac surgery: An 
analysis using the Society of Thoracic Sur-
geons’ National Cardiac Surgery Database. 
Circulation 2006; 114: 2122-9.

55. SOLLANO JA, GELIJNS AC, MOSKOWITZ
AJ et al.: Volume-outcome relationships in 
cardiovascular operations: New York State, 
1990-1995. J Thorac Cardiovasc Surg 1999; 
117: 419-28.

56. SOLOMON DH, LOSINA E, BARON JA et al.: 
Contribution of hospital characteristics to 
the volume-outcome relationship. Arthitis 
Rheum 2002; 46: 2436-44.

57. LOSINA E, PLERHOPLES T, FOSSEL AHLOSINA E, PLERHOPLES T, FOSSEL AHLOSINA E, PLERHOPLES T, FOSSEL et al.: 
Offering patients the opportunity to choose 
their hospital for total knee replacement: Im-
pact on satisfaction with surgery. Arthritis 
Rheum 2005; 53: 646-52.

58. SCHWARZ LM, WOLOSHIN S, BIRKMEYER
JD: How do elderly patients decide where to 
go for major surgery? Telephone interview 
survey. BMJ 2005; 331: 821-7.BMJ 2005; 331: 821-7.BMJ

59. WILSON CT, WOLOSHIN S, SCHWARZ LM: 
Choosing where to have major surgery: Who 
makes the decision? Arch Surg 2007; 142: 
242-6.

60. STRECHER VJ, ROSENSTOCK IM: The health 
belief model. In GLANZ K, LEWIS FM and 
RIMER BK (Eds.): Health Behavior and 
Health Education, 2nd ed., San Francisco, 
Jossey-Bass, 1997: 41-59. 

61. LOSINA E, KESSLER CL, WRIGHT EA et al.: 
Geographic diversity of low-volume hos-
pitals in total knee replacement. Med Care
2006; 44: 637-45.

62. LOSINA E, BARRETT JA, BARON JA, LEVY M, 
PHILLIPS CB, KATZ JN: Utilization of low-
volume hospitals for total hip replacement. 
Arthritis Rheum 2004; 51: 836-42.

63. LOSINA E, WRIGHT EA, KESSLER CL et al.: 
Neighborhoods matter. Arch Intern Med
2007; 167: 182-7.

64. JHA AK, FISHER ES, LI Z, ORAV EJ, EPSTEIN
AM: Racial trends in the use of major proce-
dures among the elderly. N Engl J Med 2005; N Engl J Med 2005; N Engl J Med
353: 683-91.

65. SKINNER J, WEINSTEIN JN, SPORER SM, 
WENNBERG JE: Racial, ethnic and geograph-
ic disparities in rates of knee arthroplasty 
among Medicare patients. N Engl J Med
2003; 349: 1350-9.

66. ESCALANTE A, BARRETT J, DEL RINCON I, 
CORNELL JE, PHILLIPS CB, KATZ JN: Dispar-
ity in total hip replacement affecting Hispan-
ic Medicare benefi ciaries. Med Care 2002; 
40: 451-60.

67. FINLAYSON SR, BIRKMEYER JD, TOSTESON
AN et al.: Patient preferences for location of 
care: Implications for regionalization. Med 
Care 1999; 37: 204-9.


