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A B S T R A C T

Background: A large body of evidence documented a positive association between hospital volume and patient 
outcomes, but the underlying causal mechanisms remain debated. While the “practice makes perfect” hypothesis 
suggests quality gains from centralization, the “selective referral” hypothesis raises concerns about access and 
equity.
Objective: To examine the causal effect of surgical volumes on outcomes for hip fracture patients in a non- 
competitive healthcare system. In this setting, patients are routinely referred to the nearest hospital for urgent 
surgeries, and mandatory minimum-volume thresholds have been in place since 2016. These institutional fea
tures offer a robust context to test the “practice makes perfect” hypothesis.
Methods: The analysis is based on a cohort of emergency patients admitted to publicly funded hospitals in the 
Emilia-Romagna region of Italy between 2017 and 2019, after implementation of Ministerial Decree DM70/ 
2015, which introduced volume thresholds for hip fracture surgeries. Using multi-way fixed effects models and a 
comprehensive set of covariates to control for confounders, we estimate the causal effect of surgical volumes on 
30-day mortality.
Results: Our findings document a robust volume-outcome relationship: higher lagged surgical volumes are 
significantly associated with lower 30-day mortality rates. The fact that the effect strengthens with longer lag 
periods is consistent with a learning-by-doing mechanism, whereby accumulated experience improves outcomes.
Conclusions: In non-competitive systems, volume-based standards for urgent procedures are associated with 
better outcomes and provide a rationale for further centralization, as long as ensuring universal access remains 
central.

1. Introduction

Over the past decades, an extensive empirical literature, starting 
with the study by Luft et al. (1987) [1], has documented a positive 
correlation between hospital volume and patient outcomes. This 
pattern, observed across various healthcare contexts, is typically asso
ciated with lower mortality and fewer post-surgical complications [2]. 
Two main mechanisms have been proposed: the “practice makes per
fect” hypothesis, which attributes better outcomes to learning-by-doing 
and economies of scale; and the “selective referral” hypothesis, which 
suggests that hospitals perceived as higher quality attract more patients, 
increasing volume. Evidence for the latter highlights the role of repu
tation in influencing patient choice and driving volume growth [3,4].

The existence of alternative explanatory mechanisms introduces 
potential bias in estimating the volume–outcome relationship, mainly 

due to the endogeneity of volume. This is particularly relevant for pol
icymaking, as understanding the direction of causality is crucial. If 
higher volumes improve outcomes (“practice makes perfect”), central
izing procedures in high-volume centres may enhance efficiency and 
quality. If instead better outcomes attract more patients (“selective 
referral”), centralization may have limited effects and could reduce ac
cess, especially in underserved areas [5,6].

Selective referral is more plausible for elective, non-urgent surgeries 
within competitive systems, where patients can choose among providers 
and reputation plays a key role. Conversely, “practice makes perfect” is 
more convincing for emergency procedures, where patient choice is 
minimal and volume-driven learning effects are stronger. Based on this 
rationale, several countries have implemented centralization policies for 
high-risk or emergency surgeries, including minimum volume thresh
olds for hospitals, wards, and individual surgeons [7–10]. However, 
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volume-based restrictions may also have unintended consequences, such 
as the loss of specialized expertise in discontinued services and related 
areas, particularly in acute care. They may also widen geographic dis
parities in access, raising concerns about equity for patients in remote 
regions [11,12]. Consistent with these concerns, a growing literature 
shows that longer travel times can significantly worsen survival and 
health outcomes in time-sensitive emergencies, such as acute myocar
dial infarction (AMI), stroke and childbirth [13–16]. These findings 
foreground the policy trade-off between learning-by-doing gains and 
timely access for time-critical care.

Our study estimates the effect of surgical volume on health outcomes 
for emergency hip fracture surgeries performed between 2017 and 2019 
in Emilia-Romagna, a northern Italian region with a centrally planned 
healthcare system characterized by strong inter-hospital coordination 
and no market-based competition. In this regulated context, regional 
policymakers promote provider cooperation through service integration 
and centralized capacity planning. Hip fractures, mainly affecting the 
elderly due to falls, are the leading cause of emergency orthopaedic 
admissions in Italy [17]. Within this framework, as part of national 
quality improvement efforts, Ministerial Decree 70/2015 introduced a 
minimum annual volume of 75 hip fracture surgeries per hospital ward 
for patients over 65, starting in 2016, based on the assumption that 
higher volumes improve outcomes.

A distinctive feature of the setting we examine is its institutional 
organization: regional coordination, rather than patient sorting, shapes 
provider volumes. Once stabilised, hip fracture patients are transferred 
by ambulance to the nearest emergency department (ED). This allows us 
to analyse a context where ward-level volumes are plausibly policy- 
driven rather than demand-driven, thus limiting selective referral and 
providing a cleaner test of the practice-makes-perfect mechanism.

We assess whether the 2016 minimum volume standards improved 
outcomes and whether stricter thresholds could deliver additional gains. 
The results are twofold. First, we find evidence of a robust volume- 
outcome relationship: higher lagged ward-level volumes are associated 
with lower 30-day mortality, consistent with a learning-by-doing 
mechanism whereby accumulated clinical experience improves out
comes. Second, the current threshold appears effective, but findings 
suggest that a higher procedural minimum could further enhance re
sults, reinforcing the case for additional geography-calibrated 
centralization.

2. Background

An extensive medical literature has investigated the relationship 
between volume and health outcomes across various procedures and 
countries, finding a generally positive correlation [2,18]. Yet, the evi
dence emerging from the economic literature is mixed, with differences 
across conditions, institutional contexts and the empirical designs used 
to address the endogeneity of hospital volume.

Focusing on orthopaedic surgery, where surgical procedures are not 
strictly time-sensitive and travel distance is therefore less salient for 
immediate survival, a study from Germany [19] reports a causal 
reduction in mortality following emergency hip fracture surgery in 
high-volume hospitals. In contrast, other studies from Canada and the 
UK [20,6] find no significant effect of hospital volume on outcomes once 
selection biases and unobserved heterogeneity are accounted for. At the 
surgeon level, empirical research from an economic perspective is still at 
its infancy, with recent contributions reporting short-term improve
ments in performance associated with increased procedural activity [21,
22]. Although endogeneity remains a central methodological challenge 
in the economic literature, the problem appears to be particularly rele
vant for elective procedures and within institutional settings where 
patients are free to choose their hospital, as selective referral mecha
nisms are more likely to influence observed volumes and outcomes.

Even though a robust volume–outcome relationship in orthopaedics 
has not been definitively established, policymakers have long operated 

under the assumption that such a relationship exists, introducing mini
mum volume regulations aimed at improving the quality of care. Several 
studies have examined the effects of these policies in different national 
contexts. For example, in Germany, such policies showed no clear effect 
on elective total knee arthroplasty outcomes [9], while in the 
Netherlands, centralizing surgical elective and urgent procedures led to 
better outcomes with limited access concerns due to geographic factors 
[12]. Overall, the existing body of empirical research predominantly 
pertains to healthcare systems where hospital competition is prevalent 
and/or there is substantial patient sorting. In such environments, given 
the widespread availability of hospital facilities equipped to perform 
surgeries, it is plausible that patients, even when making quick de
cisions, incorporate the reputational signals of nearby facilities into their 
choices. This introduces potential endogeneity into estimations of the 
volume–outcome relationship, primarily due to the possibility of 
simultaneous causation.

Our study contributes to the existing literature by examining the 
volume-outcome relationship within the context of a National Health 
System (NHS), where centralized planning, strong vertical integration, 
and the presence of coordinated hospital networks are defining institu
tional features. In this setting, the allocation of surgical activity is 
determined by health authorities, rather than market forces. Moreover, 
the implementation of national minimum volume standards imposes 
additional constraints on service delivery. This institutional configura
tion allows urgent surgical volumes to be treated as an exogenous var
iable, offering a favourable empirical setting for evaluating the effects of 
minimum volume thresholds on healthcare quality and outcomes.

The Italian NHS provides universal coverage through tax-based 
financing, and regions have broad autonomy in organizing and man
aging their healthcare systems [23]. In Emilia-Romagna - where this 
study is based - healthcare is centrally planned, with a strong emphasis 
on coordination among providers and integration between hospital and 
local services. With a population of 4.5 million, the region’s system is 
comparable in scale and standards to those of small to medium-sized 
Western European countries.

Orthopaedic care in Emilia-Romagna is organized through an inte
grated network of public and accredited private healthcare facilities, 
aiming to provide high-quality and accessible treatment for the entire 
population. At the regional level, a technical-scientific commission for 
orthopaedic care is responsible for monitoring the quality of care, 
developing proposals for clinical-organizational innovation and 
improvement, and supporting regional planning by determining the 
need for orthopaedic procedures and surgeries. At provincial level, or
thopaedic services are further coordinated through an Osteoarticular 
Department, which is tasked with ensuring consistent orthopaedic 
clinical governance across the network. This department coordinates 
orthopaedic and trauma care activities, ensuring appropriate, timely, 
and patient-centred assistance. Overall, the organization of orthopaedic 
care in Emilia-Romagna is based on a network of specialized facilities, 
centralized planning, and strong inter-institutional collaboration, with 
the aim of providing high-quality orthopaedic care to all residents. 
Within this coordinated organizational framework, the management of 
emergency cases, such as hip fractures, follows a standardized and 
centralized protocol to ensure timely and appropriate care. When a 
patient sustains a hip fracture, the care pathway is initiated with an 
emergency response, involving transport to the nearest appropriate fa
cility equipped to handle such emergency. This system reflects the re
gion’s commitment to equitable access and prompt intervention, 
optimizing the use of available resources within a structured and inte
grated care system. Since 2016, the region has restructured the ortho
paedic network for urgent procedures to meet the threshold of 75 hip 
fracture surgeries per year. This goal is part of regional health planning 
and is linked to performance-based incentives for Local Health Authority 
managers. For hospitals below the threshold, accessibility is assessed to 
guide case concentration strategies aimed at improving outcomes.
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3. Methods

3.1. Data

The primary data source for this study is the regional administrative 
hospital discharge dataset which is linked to data from the mortality 
register. The unit of analysis is the individual patient. A key advantage of 
using patient-level data relies on the capacity to control for individual 
health characteristics, thereby reducing unobserved heterogeneity 
across observations and improving the accuracy of outcome estimates. 
The database provides comprehensive information on patient de
mographics, clinical variables as well as specifics about their hospital 
stay. In addition to patient-centred information, the dataset includes a 
physician identifier for each intervention, allowing for the identification 
of the primary surgeon, secondary surgeon, and anaesthesiologist 
involved in the intervention. We also integrated information from the 
regional surveillance system for surgical site infections (SIChER), which 
collects clinical data for surgeries performed in inpatient settings. This 
additional source enabled us to enhance our ability to adjust for patient 
risk factors through the inclusion of the ASA Physical Status Classifica
tion System (ASAPS), a widely used proxy for perioperative risk [24].

Our dataset includes patients over 65 with a diagnosis of femoral 
neck fracture (ICD-9-CM: 820.0–820.3) treated either with fracture 
reduction (ICD-9-CM: 79.15, 79.35) or with partial or total hip 
replacement (ICD-9-CM: 81.51, 81.52). Following the National Guide
lines, we excluded patients who were not residing in Italy at the time of 
the operation, those younger than 65 or older than 100, polytrauma 
patients, patients diagnosed with malignant tumours in the previous two 
years, and patients transferred from another institution [25]. The final 
dataset comprises 11,308 hip fracture patients who received a surgery in 
one of the 39 regional hospitals (65 hospital wards, 466 first surgeons) 
during the period from 2017 to 2019.

As outcome measures, we had several mortality windows available: 
in-hospital mortality, 30-day mortality, and 60-day mortality. While 

most studies in this field primarily focus on in-hospital mortality due to 
data limitations, we chose to prioritize 30-day mortality, as it aligns with 
the outcome monitored at the national level [25]. Furthermore, we 
opted not to include 60-day mortality in our analysis, as this measure 
requires careful interpretation. Given the elderly nature of the patient 
cohort under study, external factors increasingly impact mortality as the 
time from the surgical intervention extends. This made 30-day mortality 
a more appropriate and reliable indicator for evaluating outcomes in this 
context.

Table 1 shows a 30-day mortality rate of 3.4% in the overall sample. 
At the national level, the Italian data documented a higher 30-day 
mortality rate for hip fractures, around 5% for the period 2017–2019 
[25]. This comparison suggests that the outcome in our dataset is 
favourable relative to the Italian benchmark, potentially reflecting 
effective perioperative care and patient management.

In addition to outcome data, Table 1 provides a summary of patient 
characteristics. The average patient age is 84 years, with females being 
most of the sample (75%). Approximately 27% of admissions occurred 
over the weekend, and 12% patients underwent surgery during that 
time. The data indicates that 20% of patients experienced a preoperative 
wait exceeding 48 h. This proportion falls well below the national 
maximum threshold of 40%, suggesting that preoperative management 
in this context is both timely and consistent with national quality stan
dards. Clinically, 53% of cases were transcervical and 44% per
trochanteric fractures. These types differ in location - femoral neck vs. 
trochanteric area – with implications for surgical approach and prog
nosis due to differing risks of vascular disruption.

Surgical interventions were evenly distributed between fracture re
ductions (50%) and partial or total hip replacements (50%). To account 
for patient comorbidities, we use the Charlson Comorbidity Index (CCI) 
as a categorical variable based on grouped score ranges. Approximately 
66% of sample patients were recorded as having no comorbidities, while 
the remaining 34% have at least one. Since the CCI may not fully capture 
the clinical complexity of the patient population, we also include a 
clinician-assigned measure of preoperative risk by using the American 
Society of Anesthesiologists (ASA) Physical Status Classification System, 
as additional control for the underlying health status of the population 
studied. Based on ASA scores, 65% of patients were classified as having a 
severe systemic disease with moderate limitations (ASA III), and an 
additional 11% as having more critical conditions (ASA IV-V). The 
remaining 24% of patients were classified as ASA I or II, indicating the 
absence of, or only mild, systemic disease.

Our key explanatory variable is the volume of hip fracture surgeries 
performed within each hospital ward over time. We employ lagged 
volume measures, transformed using the natural logarithm, as an 
aggregate proxy for accumulated clinical experience. We analyse the 
effect of lagged procedural volumes on patient mortality over different 
temporal horizons by constructing separate indicators of prior surgical 
activity over the previous month, quarter, half-year, and full year. This 
multi-interval framework allows us to assess how varying levels of sur
gical experience impact patient outcomes.

Table 1 also presents summary statistics at the ward level. The 
average number of emergency hip fracture surgeries performed is 18 per 
month, 53 per quarter, 104 per half-year, and 222 per year, with sub
stantial standard deviation indicating considerable variability in pro
cedural volumes across wards. To assess the impact of minimum volume 
requirements, we categorize ward volumes into categories based on 
their annual procedure counts. Specifically, we distinguish wards that 
fall below the mandated threshold and then stratify the remaining wards 
into evenly sized groups to ensure balanced observation counts across 
volume categories. The top panel of Fig. 1 provides a more granular view 
of ward activity by plotting a kernel density estimate of the distribution 
of hip–fracture surgeries performed per ward over the preceding 52 
weeks. The horizontal axis represents the number of procedures, while 
the vertical axis indicates the density, reflecting the frequency of wards 
operating at different volume levels. Notably, 7.4% of observations lie 

Table 1 
Summary statistics.

Mean Std. Dev. Min Max

Patient characteristics ​ ​ ​ ​
30-day mortality 0.034 0.183 0 1
Age 83.90 7.437 65 100
Female 0.755 0.430 0 1
Pre-operative wait > 48 h 0.205 0.404 0 1
Post-surgical length of stay 9.896 6.244 0 175
CCI 0 0.659 0.474 0 1
CCI 1 0.195 0.396 0 1
CCI 2 0.081 0.274 0 1
CCI Over 2 0.064 0.245 0 1
ASA I 0.010 0.101 0 1
ASA II 0.233 0.423 0 1
ASA III 0.646 0.478 0 1
ASA IV 0.109 0.312 0 1
ASA V 0.001 0.034 0 1
Admission during weekend 0.272 0.445 0 1
Operation during weekend 0.124 0.330 0 1
Type of surgery ​ ​ ​ ​
Partial or total hip replacement 0.497 0.500 0 1
Fracture reduction 0.502 0.500 0 1
Type of hip fracture ​ ​ ​ ​
Pertrochanteric 0.438 0.496 0 1
Transcervical 0.535 0.499 0 1
Other type of fracture 0.027 0.163 0 1
Observations 10,377 ​ ​ ​
Ward volumes for hip fracture surgeries ​ ​ ​ ​
Surgeries in the past 4 weeks 17.825 0.325 0 60
Surgeries in the past 12 weeks 53.149 28.985 0 158
Surgeries in the past 24 weeks 105.260 56.369 0 298
Surgeries in the past 52 weeks 224.453 116.918 0 595

Notes: Sample period: years 2017–2019. ASA: American Society of 
Anesthesiologists.
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below the 75-procedure annual threshold. The bottom panel of Fig. 1
provides a map showing the location of hospital wards performing hip 
fracture surgery during the study period, together with their annual 
volumes and the population density per km² of the municipalities. High- 
volume wards cluster largely along the Via Emilia axis and in major 
urban centres. Lower-volume wards appear in rural and mountain mu
nicipalities as well as in some more densely populated areas, indicating 
that small ward size is not limited to geographically remote settings.

3.2. Empirical methodology

We identify the causal effect of increasing hip fracture volumes on 
patient outcomes by estimating the following multi-way fixed effects 
specification: 

yiswht = β0 + β1ln(volume)iwh,t− 1 + Xʹ
iswhtβ2 + αs + δh + γt + εiswht (1) 

where yiswht is a binary indicator of 30-day mortality for patient I, 

treated by surgeon s in ward w at hospital h during year t. The principal 
explanatory variable is ln (volume)iwht− 1 the natural logarithm of the 
lagged count of hip fracture surgeries performed in ward w of hospital h 
prior to the admission of patient i. Xiswht is a set of controls for patient 
characteristics, including age, gender, comorbidity measures, type of 
fracture and binary indicators for weekend hospital admissions and in
terventions. αs, δh and γt are fixed effects for surgeon, hospital and year, 
respectively, absorbing all time-invariant factors at those levels. The 
parameter of interest is β1, capturing the elasticity of 30-day mortality 
with respect to prior ward-level procedural volumes. The inclusion of 
both hospital and surgeon fixed effects is particularly crucial for 
addressing the mobility of surgeons who practice across multiple hos
pitals. By including fixed effects at both levels, our specification isolates 
within-surgeon and within-hospital variation, thereby accurately 
capturing the impact of cross-institutional practice patterns on patient 
outcomes.

We complement this analysis by assessing the impact of minimum 
volume thresholds on patient outcomes. Specifically, we re-estimate Eq. 

Fig. 1. Kernel density for 1-year lag hip fracture ward volume (top panel), and geographical distribution of hospital wards performing hip fracture surgeries in 
Emilia-Romagna (bottom panel). Notes: Red circles indicate the wards that performed hip fracture surgery during the study period; overlapping circles reflect 
multiple wards located within the same hospital, with smaller volumes drawn on top.
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(1) by replacing ln(volume)iwh,t− 1 with a vector of dummy variables 
corresponding to different volume categories. By differentiating be
tween wards falling below the mandated threshold and those that 
exceed it, and by further stratifying the latter into higher-volume 
brackets, we aim at evaluating how varying levels of procedural vol
ume influence surgical outcomes.

All regressions are estimated using a linear probability model (LPM) 
with clustered standard errors at the hospital level to account for po
tential geographical correlation among patients within the same 
hospital.

4. Results

Table 2 reports estimates considering different lag windows across 
columns. We find that increasing ward volumes (measured by the 

number of surgeries performed in previous periods) reduces 30-day 
mortality rates. As the number of lags increases, the negative co
efficients grow larger and more significant, reinforcing the idea that 
accumulated experience in a ward could play a critical role in affecting 
patient outcomes. The results reported in column (4) reveal that as the 
number of surgeries performed in the previous year increases, the like
lihood of 30-day mortality decreases significantly. Specifically, the re
sults indicate that a 10% increase in the previous year’s surgical volume 
decreases the average patient’s probability of 30-day mortality by 0.3 
percentage points approximately. This is consistent with a 9% reduction, 
relative to the baseline 30-day mortality rate of 3.4%. These results 
confirm that the higher past surgical volume in a ward lead to better 
patient outcomes, potentially reflecting factors such as increased pro
vider experience, familiarity with procedures, or improved staff coor
dination in high-volume settings. The estimated effect is not statistically 
significant when lagged volumes refer to the previous month and 
quarter but becomes significant starting from the semester lag. Both the 
AIC and BIC criteria indicate that the model with 1-year lagged volumes 
(column 4) fits the data best.

As the analysis points to the presence of a learning-by-doing effect 
driven by cumulative annual procedural experience, we shift our focus 
to the minimum volume thresholds introduced in 2016. Specifically, we 
categorized wards into seven groups based on their lagged annual vol
umes of hip fracture surgeries. The reference group consists of hospital 
wards performing fewer than 75 hip fracture surgeries annually, and the 
other volume brackets are compared against this baseline. The results 
are reported in Table 3. Our estimates suggest that hospital wards per
forming 76 to 118 surgeries per year do not exhibit statistically signif
icant differences in 30-day mortality compared to the reference group. 
In contrast, wards performing 119 or more surgeries annually show a 
statistically significant reduction in 30-day patient mortality. Precisely, 
wards in the 119–186 vol range achieve a lower mortality rate by about 
6.6 percentage points compared to low-volume wards, and this mor
tality advantage further increases with higher procedural volumes.

To mitigate concerns about the presence of structural and geographic 
factors driving our findings, we re-estimated our models by excluding 
hospitals located in mountain municipalities along with, separately, 
those located in rural areas [26]. In both cases, the volume-mortality 
gradient remained negative and of similar magnitude to the baseline, 
suggesting that our results appear to be not driven by geographically 
“isolated” providers facing lower population density. Detailed results 
are available from the Authors upon request.

Table 2 
Results of the effect of lagged surgical volumes on 30-day mortality.

(1) (2) (3) (4)

Ln (Ward volume) t 
− 4

− 0.00633 
(0.00502)

− 0.00578 
(0.00487)

​ ​ ​ ​ ​ ​

Ln (Ward volume) t 
− 12

​ ​ − 0.00922 
(0.00560)

− 0.00643 
(0.00545)

​ ​ ​ ​

Ln (Ward volume) t 
− 24

​ ​ ​ ​ − 0.0212**
(0.00915)

− 0.0167*
(0.00886)

​ ​

Ln (Ward volume) t 
− 52

​ ​ ​ ​ − 0.0333***
(0.0122)

− 0.0291**
(0.0113)

Patient controls N Y N Y N Y N Y
Surgeon FE Y Y Y Y Y Y Y Y
Hospital FE Y Y Y Y Y Y Y Y
Year FE Y Y Y Y Y Y Y Y
N 10,377 10,377 9996 9996 9327 9327 7550 7550
R2 − 6373.8 − 6684.1 − 6173.3 − 6468.2 − 5508.5 − 5804.7 − 4429.8 − 4660.5
Akaike crit. (AIC) − 6149.1 − 6445.0 − 5985.8 − 6230.2 − 5330.0 − 5569.1 − 4270.5 − 4431.9
Bayesian crit. (BIC) 0.0571 0.0853 0.0521 0.0810 0.0574 0.0885 0.0648 0.0953

Notes: Sample period: years 2017–2019. Standard errors (in parentheses) are clustered on hospitals.
* p < 0.05.
** p < 0.01.
*** p < 0.001.

Table 3 
Effect of past year hospital ward volume thresholds, without/with patient 
controls.

(1) (2)

Past year hospital ward volume 
(baseline: ≤ 75)

​ ​

76–118 surgeries − 0.0556 (0.0441) − 0.0558 (0.0395)
119–186 surgeries − 0.0690 (0.0421) − 0.0657*

(0.0378)
198–260 surgeries − 0.0776*

(0.0432)
− 0.0733*
(0.0389)

261–285 surgeries − 0.0910**
(0.0428)

− 0.0849**
(0.0384)

286–330 surgeries − 0.0954**
(0.0435)

− 0.0898**
(0.0392)

≥ 331 surgeries − 0.103***
(0.0461)

− 0.0940**
(0.0432)

Patient controls N N
Surgeon FE Y Y
Hospital FE Y Y
Year FE Y Y
N 7550 7550
R2 0.0640 0.0949
Akaike crit. (AIC) − 4413.7 − 4657.3
Bayesian crit. (BIC) − 4219.7 − 4428.7

Notes: Sample period: years 2017–2019. Standard errors (in parentheses) are 
clustered on hospitals.

* p < 0.05.
** p < 0.01.
*** p < 0.001.
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5. Discussion

Leveraging a setting where selective referral for urgent surgeries is 
absent, our multi-way fixed-effects analysis documents a robust negative 
relationship between lagged ward-level surgical volumes and 30-day 
mortality after emergency hip fracture surgery. The growing magni
tude and statistical significance of the coefficients with longer lags are 
consistent with a causal effect of accumulated clinical experience on 
patient outcomes. These results, together with our assessment of the 
2016 threshold, reinforce the rationale for volume-based regulatory 
standards.

Beyond learning-by-doing, other mechanisms may potentially 
contribute to the negative volume-outcome association. Higher volume 
hospitals may attract more skilled surgeons [27]. Yet, surgeon fixed 
effects absorb time-invariant heterogeneity in intrinsic ability, making 
staffing composition an unlikely driver of the estimated effects. Econo
mies of scale in technology may also play a role. However, hospital fixed 
effects limit concerns about structural differences, and the relatively 
short study period makes the possibility of within-hospital technological 
change limited. We may also expect waiting times to play a mediating 
role in the volume-outcome nexus, as delays tend to increase in 
higher-volume hospital wards and adversely affect care quality [6]. In 
our context, patients require urgent surgery within 48 h of admission 
[28] and about 80% received surgery within this target window. By 
controlling for pre-surgery waiting times, estimated volume effects are 
net of treatment delays.

Nonetheless, policy regulations toward increasing centralization 
should be carefully evaluated in light of local healthcare capacity and 
geographic conditions, with particular attention to ensuring equity in 
access to timely and high-quality care. While our findings support the 
rationale for volume-based standards, any further centralisation should 
be calibrated to geography and service capacity, with particular atten
tion to ensuring equity in access to timely and high-quality care. Evi
dence from mountainous territories and low-density areas points to 
substantial spatial inequalities in potential access [29,30], and inter
national studies indicate clinical risks linked to longer travel times in 
obstetrics and cardiology [16,31]. However, importantly for interpret
ing our results, hip fracture surgery is urgent, but not strictly 
time-critical: clinical standards target surgery within 2 days, rather than 
within a few hours as for AMI. Morphology and infrastructure compress 
travel times, with most residents living on the Po Valley plain and major 
hospitals aligning along the Via Emilia corridor, served by a dense road 
and rail network. This configuration mitigates the access penalties that 
centralization can create in other geographies and for time-sensitive 
procedures.

6. Conclusions

This study aimed to estimate the impact of surgical volumes on pa
tient outcomes within the Italian region of Emilia-Romagna, where 
policymakers have prioritized provider cooperation and coordination 
through the central planning of production capacity. In 2016, Ministe
rial Decree (MD) 70/2015 introduced minimum-volume requirements 
of 75 cases per hospital ward for selected surgical procedures including 
surgeries for emergency hip fractures. Focusing on this latter procedure, 
which represents the primary cause of admission to emergency de
partments for orthopaedic interventions, we estimate the effect of 
increasing lagged volumes on 30-day post-operative mortality.

The results provide empirical support for the rationale behind 
volume-based standards, showing that higher procedural volumes are 
associated with better outcomes. By exploiting within-hospital variation 
over time and conditioning on surgeon and hospital fixed effects as well 
as pre-surgery waiting times, our estimates largely net out composi
tional, technological, and congestion-related channels. We interpret our 
findings as consistent with the dynamic of learning-by-doing, while not 
fully ruling out other volume-related mechanisms. Our assessment of the 
2016 threshold suggests that the current minimum of 75 procedures per 
year may fall short of fully capturing potential quality gains. Where 
accessibility is not a limiting factor, higher thresholds may warrant 
consideration as part of broader efforts to centralise emergency ortho
paedic services and further reduce mortality risk.

At the same time, policymakers should weigh the benefits of 
increased volume against the imperative of equitable access, adjusting 
thresholds in line with local healthcare capacity and geographic con
ditions. Overconcentration of surgical services risks reducing access for 
patients in remote or underserved areas, especially for procedures for 
which timely intervention is critical. In geographically isolated, sparsely 
populated areas, low volumes may persist due to unavoidable access 
constraints rather than inefficiency, and policy solutions may therefore 
need to rely more on networking, teleconsultation, and shared protocols 
than on full centralisation.

These considerations imply that volume standards should be region- 
specific and aligned with travel-time maps and local capacity. For 
minute-dependent conditions, such as AMI or stroke, centralisation re
quires efficient transfer and coordination systems. Conversely, for pro
cedures with wider treatment windows, such as hip fracture repair, 
higher-volume reconfigurations are less likely to compromise timely 
access aligned with clinical standard targets. Accordingly, the definition 
of volume thresholds should be procedure-sensitive and explicitly inte
grate regional geography and capacity assessments, so as to secure 
quality gains without eroding equity.

Research in context box

Extensive empirical research has shown a positive association between hospital volume and patient outcomes for various surgical procedures. 
However, the causal direction of this relationship remains debated, with two main hypotheses - “practice makes perfect” and “selective referral” 
- offering alternative explanations. Understanding the underlying mechanism is crucial for informing volume-based policies, especially for 
urgent procedures.

This study provides robust evidence on the volume–outcome relationship in emergency hip fracture surgery within a non-competitive, highly 
regulated healthcare system where the “practice makes perfect” mechanism offers a plausible explanation for the observed patterns. It shows 
that higher lagged surgical volumes are significantly associated with lower 30-day mortality, confirming the effectiveness of Italy’s current 
minimum-volume threshold and suggesting its clinical relevance.

The findings support the rationale for maintaining and potentially increasing minimum-volume thresholds for urgent procedures, such as hip 
fracture surgery, to enhance patient outcomes. However, while the results suggest that further centralization could yield additional quality 
gains, such strategies should be implemented with caution. Excessive concentration of surgical services may compromise access for patients in 
remote or underserved areas. Policymakers should carefully balance the benefits of higher procedural volumes with the need to ensure timely 
and equitable access across the population, tailoring thresholds to regional capacities and geography.
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