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Summary

STUDY AIMS: Higher surgeon volume has been corre-
lated with improved therapy outcomes following total hip
arthroplasty, and many countries have implemented mini-
mum volume standards as a precondition for claiming re-
imbursement. However, there are large differences be-
tween healthcare systems worldwide and the applicability
of international studies to a particular local healthcare en-
vironment may be limited. The aim of this study was to as-
sess the relationship between surgeon case load (= num-
ber of procedures per year) and short-term revision rates
(within two years of the index procedure) in patients under-
going primary total hip arthroplasty for hip osteoarthritis in
a nationwide, registry-based study. In addition, the effects
of increasing minimum volume standard thresholds on the
potential reduction of the revision burden was simulated.

METHODS: All patients registered in the Swiss National
Joint Registry (SIRIS) for undergoing primary total hip
arthroplasty for hip osteoarthritis between 2015 and 2021
were considered. Patients were aggregated according to
the lead surgeon’s individual code. Surgeons lacking five
years of uninterrupted practice were excluded. Multiple
logistic and bivariate multinomial regressions were em-
ployed to model the odds of revision surgery (overall and
for specific diagnoses) as a function of surgeon case load.
Two-year revision rates, the proportional reduction of the
revision burden and the number of patients hypothetically
needing treatment reassignment to higher-volume sur-
geons were simulated for increasing minimum volume
standard thresholds.

RESULTS: In total, 74,565 total hip arthroplasty proce-
dures performed by 384 surgeons were assessed. The
mean surgeon case load was 28.7 total hip arthroplasties
/ year (min/max: 1.8/269.1; median: 18.1). The average
overall 2-year revision rate in the observation period was
2.25%. A higher surgeon case load was associated with
lower cumulative revision rates (revision for any reason,
and revision due to infection, dislocation and femoral
periprosthetic fracture). Overall revision rates of surgeons
with a minimal case load of up to 10 / 20 / 50 total hip
arthroplasties / year were 2.18% / 2.01 % / 1.70%, respec-
tively. Implementation of a minimum volume standard of
10/ 20/ 50 total hip arthroplasties / year would reduce the
overall 2-year revision rates by 3.2%, 10.5% and 23.8%,

respectively, but also require that 5.1%, 18.1% and 53.8%
of patients be reassigned to higher-volume surgeons in-
stead of initially intended lower volume surgeons.

CONCLUSION: A higher surgeon case load independent-
ly predicts a lower overall 2-year revision rate in patients
undergoing primary total hip arthroplasty for hip os-
teoarthritis in Switzerland. Implementation of a minimal
case load has the potential to significantly reduce 2-year
revision rates, at the cost of more patients needing to have
their treatment reassigned.

Introduction

Total hip arthroplasty successfully reduces pain and re-
stores joint function in end-stage osteoarthritis [1, 2]. Peri-
and postoperative complications such as dislocation, loos-
ening, periprosthetic fracture or infection occur infrequent-
ly, yet further reduction of these complications remains
an important factor for enhancing patient outcome, reduc-
ing revision burden and improving the cost-effectiveness
of the procedure [1]. The last point is especially important
in light of the considerable healthcare expense associated
with the increasing demand for total hip arthroplasty [3, 4].

Higher surgeon volume has been shown to be clearly as-
sociated with improved patient outcomes and decreased
complications in hip replacement surgery [1, 2, 5-8]. This
volume-outcome relationship has induced centralisation in
medical care, and the introduction of minimum volume
regulations [1, 8-13]. To date, minimum volume standards
have been set normatively as a precondition for hospitals
to perform procedures and to claim reimbursement in vari-
ous countries, such as Australia, Canada, England, France,
Germany, Italy and the USA [1, 6-8, 14].

Even though minimum volume standards have been
proven effective in reducing revision rates following total
hip arthroplasty, their strict application is often complicat-
ed due to limited practical applicability [1, 9, 15]. Rais-
ing the minimum volume standard progressively excludes
low-volume surgeons (and low-volume hospitals) from the
healthcare supply, which may challenge the ability of the
remaining surgeons (or hospitals) to meet treatment need
[11, 15]. It also causes a significant patient shift, meaning
that patients from low-volume surgeons who may no
longer offer certain treatments due to minimum volume
standard regulations would need to find a new surgeon

Swiss Medical Weekly - www.smw.ch - published under the copyright license Attribution 4.0 International (CC BY 4.0)

Page 1 of 8



Original article
_______________________________________________________________________________________________________________________|

(i.e. they need to be reassigned). Hence patients may ex-
perience additional stress by having to potentially accept a
longer wait or travel a greater distance to access high-vol-
ume healthcare providers, which in turn may interfere with
the overall patient experience.

Due to large differences between the various national
healthcare systems worldwide and differing minimum vol-
ume standard regulations, existing international studies
may have limited validity and applicability to particular lo-
cal healthcare environments.

The aim of this registry-based study was to assess the re-
lation of surgeons’ case load (= number of procedures per
year) on short-term revision rates (within two years of the
index procedure) in patients undergoing primary total hip
arthroplasty for hip osteoarthritis in Switzerland. In addi-
tion, the effects of increasing minimum volume standard
thresholds on the potential reduction of revision burden
was simulated.

The hypothesis was that the surgeons’ case load was in-
versely associated with the revision risk in patients under-
going primary total hip arthroplasty for hip osteoarthritis in
Switzerland.

Materials and methods

Study design and data source

A retrospective study was conducted using data from the
Swiss National Implant Registry (SIRIS). The registry was
implemented in 2012 and collects data from all primary
and revision hip arthroplasty procedures in Switzerland.
The dataset includes patient characteristics (sex, age,
height, weight, ASA score and Charnley score); diagnosis;
type, date and technical aspects (surgical approach and po-
sitioning) of the procedure; surgeon; and clinic. The re-
ported nationwide coverage of SIRIS for primary total hip
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arthroplasty was 98% in 2021 [16]. Consistency and com-
pleteness of the data are ascertained through regular val-
idation tests. For this study, an anonymised dataset (ir-
reversibly coded patient, surgeon and hospital identifica-
tions) containing information from all primary uncemented
or hybrid (i.e. uncemented cup, cemented stem) total hip
arthroplasties (equalling 98.5% of all total hip arthroplas-
ties) between 2015 and 2021, was provided to the research
group, following a formal request to the scientific advisory
board of SIRIS and their approval. This study was ap-
proved by the local ethics committee, which issued a waiv-
er because the dataset was anonymised.

Data extraction and surgeon eligibility criteria

The data extraction flowchart is depicted in figure 1. Only
adult patients (°18 years) were considered. In order to en-
sure data consistency, subjects having undergone concomi-
tant interventions at the time of index total hip arthroplasty
were excluded, whereas those aged >100 years, those with
BMI <12 or >60 or those with an ASA score >4 were re-
moved for plausibility reasons.

The surgeon’s case load was added as a numerical variable
to each individual case. Surgeons’ case load was defined
as the number of primary total hip arthroplasties performed
by the individual surgeon per year, and represents the sur-
geon’s mean annual case load over the observational peri-
od. To ensure homogeneous and comparable surgeon case
load information, only surgeons with uninterrupted prac-
tice of at least 5 years (within an observation period of 7
years) and a case load variance within the observation peri-
od of <1.0 were considered. Since this method of assessing
surgeons’ case load has not been published before, a sensi-
tivity analysis on the complete dataset was performed post-
hoc in order to rule out any selection bias deriving from the
application of our surgeon eligibility criteria.

Neases = 86423
Niurgeons = 923

Aggregation of cases
(lead surgeon’s (anonymous)
individual code)

Study group
Neases = 74565
Nsurgeons o 384

Figure 1: Flowchart on data extraction and participant selection. OA: osteoarthritis; THA: total hip arthroplasty.

Primary uncemented or hybrid THA for OA
2015 - 2021 (SIRIS database search)

Exclusions
= surgeons < 5 years of
| uninterrupted practice
« surgeons with case load
variance >1.0 from mean
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Primary and secondary outcome parameters, main ex-
posure variables

The primary outcome parameter was revision for any rea-
son within two years of the index procedure, and the sur-
geons’ case load was the main predictor for assessing our
primary outcome. The patient’s age and sex, BMI, ASA
and the type of implant fixation were co-variates of in-
terest. Secondary outcome parameters were revision for
specific reasons, i.e. revision for infection, dislocation,
periprosthetic fracture and aseptic loosening, for both the
femoral and acetabular components.

Statistical analysis

All statistical analyses were performed using R (R: A lan-
guage and environment for statistical computing, R Foun-
dation for Statistical Computing, Vienna, Austria). De-
scriptive statistics included means, standard deviations,
ranges and proportions. Comparative statistics included the
t-test and the chi-squared test. The confidence level for re-
jecting null hypotheses was set at 95% (p-value <0.05).
Multiple logistic and bivariate multinomial regressions
were employed to model the odds of revision surgery as a
function of surgeon case load.

Simulation of minimum volume standard thresholds
and their effect on patient reassignment

Using a numeric simulation, the effect of discrete mini-
mum volume standard thresholds (i.e. 10, 20 and 50 total
hip arthroplasties per surgeon per year) on total hip arthro-
plasty revision rates within two years of index procedure
was explored. The portion of patients below each threshold
was given the revision rate of remaining patients above the
specific threshold, allowing the calculation and plotting of
theoretical differences in revision rates for each particular
threshold. As the minimum volume standard rose, low-vol-
ume surgeons would progressively lose the licence to per-
form total hip arthroplasty, and an increasing number of
patients would need to find a new surgeon (i.e. they would
need to be “reassigned”). In order to put this phenome-
non into perspective, the number of patients needing treat-
ment reassignment was calculated for each minimum vol-
ume standard threshold.

Results

Patient characteristics

A total of 74,565 eligible patients with a mean age of 68.8
years was identified (51.2% female). The sensitivity analy-
sis showed that no relevant selection bias had been intro-
duced through application of our surgeon eligibility crite-
ria (figure 2). The surgical procedures in this cohort were
performed by 384 surgeons. The mean surgeon case load
was 28.7, ranging from 1.8 to 269.1. The mean 2-year re-
vision rate in the cohort was 2.25%. Demographic data are
presented in detail in table 1.

Primary outcome parameter and exposure variables

Using multiple logistic regression, surgeon case load was
identified as a highly significant and independent predictor
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(p <0.001, odds ratio [OR] 0.995, 95% confidence interval
[CI] 0.994-0.996) of any-cause revision in patients under-
going primary total hip arthroplasty for hip osteoarthritis.
Higher case load was associated with a lower 2-year revi-
sion rate, and a nearly linear correlation was found (fig-
ure 3). The patient’s morbidity state (p <0.001, OR 1.293)
and BMI (p <0.001, OR 1.047) were identified as addi-
tional independent risk factors determining revision within
two years, while the patient’s sex, age and the method of
femoral fixation (uncemented vs hybrid) were not.

Secondary outcome parameter

Multinomial bivariate regression revealed that higher sur-
geon case load was associated with lower risk of total
hip arthroplasty revision due to infection, dislocation and
femoral periprosthetic fracture. Revisions for acetabular
periprosthetic fractures and loosening of the femoral or ac-
etabular component were not associated with the surgeon
case load (table 2).

Simulation of minimum volume standard thresholds

Detailed information on the impact of a potential minimum
case load on revision rates, the overall reduction of expect-
ed revisions and the number of patients needing treatment
reassignment for each minimum volume standard thresh-
old is provided in table 3 and figures 4 and 5. Implemen-
tation of a minimum volume standard threshold of 10 total
hip arthroplasties / surgeon / year would only have a neg-
ligible impact on the 2-year revision rate (reduction from
2.25% to 2.18%) and avoid 3.2% of revisions. This effect
was far more pronounced with higher minimum volume
standard thresholds. A minimum case load of 50 total hip
arthroplasties / surgeon / year would result in a 2-year re-
vision rate of 1.7% (avoiding 23.8% of revisions), but at
the cost of 53.8% patients needing treatment reassignment
each year.

Discussion

The main finding of this study is that higher surgeon case
load is associated with a substantially decreased risk of
any-cause revision in patients undergoing primary total hip
arthroplasty for hip osteoarthritis in Switzerland. The main
strengths of the study are the large sample size and vir-
tually complete registry coverage due to nationwide com-
pulsory registration of total hip arthroplasty in the Swiss
National Joint Registry (SIRIS). The results are represen-
tative of the practice of Swiss orthopaedic surgeons, and
may primarily be used for planning or modification of min-
imum volume standards in Switzerland. However, these
findings are probably applicable to other countries with
similar healthcare systems. Our finding of a strong vol-
ume-outcome relationship in total hip arthroplasty is in
line with the current literature [1, 2, 7, 17]. The lower
overall revision risk resulted from fewer revisions due to
dislocation, infection and femoral periprosthetic fractures.
An increased risk of total hip arthroplasty dislocation has
been reported in the literature for subjects operated on by
low-volume surgeons. Ravi et al. [6] found that disloca-
tion rates within two years of the index procedure were
higher in total hip arthroplasty recipients whose surgeons
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had carried out fewer than 35 procedures per year than in
those operated on by surgeons performing more than 35
total hip arthroplasties annually (1.9% vs 1.3%, p=0.006).
Similarly, Battaglia et al. [18] summarised in a system-
atic review that a higher surgeon case load led to low-
er dislocation rates. Dislocation has been associated with
component malpositioning [19, 20], and surgical outliers
in implant positioning reportedly occur more commonly
in total hip arthroplasties performed by low-volume sur-
geons [21], leading to the assumption that a higher case
load could enable more accurate implant positioning.

Revision due to infection and periprosthetic fractures were
also associated with a lower surgeon case load in our study.
Mufarrih et al. [17] found a positive association between
lower case load and higher risk of infection in total hip

arthroplasty, but they had analysed the hospital case load
rather than the surgeon case load. Siddiqi et al. [1] stated
that low surgeon case load had the greatest link with early
revisions due to infection after total hip arthroplasty, irre-
spective of the hospital volume, which is in line with our
findings.

According to our results, implementing a minimum vol-
ume standard is a suitable measure for substantially de-
creasing revision rates following total hip arthroplasty. Un-
like previous publications [6, 9], there was no inflection
point in the volume / outcome curve in our study, meaning
that no optimal threshold could be established to discrimi-
nate between low-volume and high-volume surgeons. This
is potentially due to a different method of analysis. How-
ever, Sayers et al. also reported a linear decrease of the

Figure 2: Association between surgeon case load and 2-year revision rate, comparing the datasets before (RED) and after (BLACK) applica-
tion of our surgeon eligibility criteria. The sensitivity analysis shows an association between both graphs, excluding any selection bias from the

application of our eligibility criteria.
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Table 1:

Demographics.

Cases (n) 74,565
Female 38,154 (51.2%)
Male 36,411 (48.8%)

Age, in years Mean (range) 68.8 (18-99)

Surgeons (n) 384

Surgeon case load Mean (range) 28.7 (1.8-269.1)
Median 18.1

2-year revision rate 2.25%
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revision rate with increasing case load [11]. The lack of
a numerically optimal threshold value was the reason for
choosing arbitrary but pragmatic minimum volume stan-
dard thresholds in our simulation.

In general, minimum volume standard thresholds should
aim to strike a balance, i.e. to achieve clinically meaningful
improvements and applicability within a given healthcare
environment without substantially interfering with the pa-
tients’ demand for geographically close and timely access

to medical care. In our analysis, a minimum volume stan-
dard threshold of 20 total hip arthroplasties / year would
lead to a 10.5% reduction in revisions within two years,
which can be regarded as clinically relevant. These calcu-
lations do not include the positive effect that each specif-
ic minimum volume standard generates by the increased
case load of the remaining licensed surgeons. It is of note
that 18.1% of patients would need to be reassigned as an
effect of this arbitrarily chosen minimum volume standard

Figure 3: Association between surgeon case load and 2-year revision rate.
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Table 2:
Association between surgeon case load and total hip arthroplasty revision (revision for any reason and for infection, dislocation, periprosthetic fracture and aseptic loosening).
Reason for revision (Base: no revision) p value (surgeon case load) Odds ratio (95% CI)

Any reason <0.001 0.995 (0.994-0.996)

Infection <0.001 0.996 (0.995-0.997)

Dislocation <0.001 0.988 (0.986-0.990)

Periprosthetic fracture (femoral) <0.001 0.995 (0.994-0.996)

Periprosthetic fracture (acetabular) 0.55 0.998 (0.994-1.002)

Aseptic loosening (femoral) 0.78 1.000 (0.999-1.001)

Aseptic loosening (acetabular) 0.095 0.997 (0.997-0.999)

Cl: confidence interval.

Table 3:

Impact of various minimum volume standard thresholds on 2-year revision rate, reduction of revision risk and percentage of patients needing treatment reassignment.

Minimum volume standard 2-year revision rate % reduction of revisions % patients reassigned
10 2.18% 3.2% 5.1%

20 2.01% 10.5% 18.1%

50 1.7% 23.8% 53.8%
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threshold. In a small country with a high density of or-
thopaedic surgeons per 1000 inhabitants, travelling dis-
tances are likely to remain a minor problem for patients,
while the impact of minimum volume standards on the
waiting time due to capacity issues of the remaining li-
censed surgeons warrants further research.

Limitations

This study has several limitations. From a methodological
point of view, the causality between surgeon case load and
revision rates is not irrefutably proven. The surgeon case
load could be a reflection of each surgeon’s own skills.
Potentially, physicians with better outcomes have a high-
er surgeon case load because patients seek out care at
these more reputable surgeons. Inversely, surgeons with in-
creased complication rates could opt to perform fewer total
hip arthroplasties in response. It is important to acknowl-
edge that several patient-, hospital- or surgeon-related fac-
tors throughout the pre-, peri- and postoperative pathway
may interfere with the association found.

The minimum volume standard thresholds analysed in this
study (10 /20 / 50 total hip arthroplasties / year) were cho-
sen arbitrarily. This was deemed adequate since the rela-
tionship between surgeon case load and revision rate was
linear, and this practice was in line with current literature
[22].

Swiss Med WKkly. 2025;155:3850

Furthermore, the 2-year revision rates analysed here repre-
sent only a short period within the expected total survival
time, and the effect of surgeon case load on longer-term
outcomes is unclear. However, previous research suggests
that patients treated by low-volume surgeons are also at
higher risk of complications occurring several years after
the procedure [23].

Finally, our research focused on revision rates and did not
assess other outcome quality indicators, like patient travel
time, hospital characteristics (including hospital capacity),
waiting times or patient-reported outcome quality indica-
tors. Hence, the results of our study do not necessarily di-
rectly translate into an overall improved outcome quality
for the patient.

Conclusion

Higher surgeon case load independently predicts a lower
overall 2-year revision rate in patients undergoing primary
total hip arthroplasty for hip osteoarthritis in Switzerland.
Implementation of a minimum volume standard has the
potential to reduce 2-year revision rates at the cost of a
greater number of patients whose treatment needs to be re-
assigned.
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surgeon / year.

Figure 4: Estimated 2-year revision rates on implementation of minimum volume standard thresholds of 10, 20 or 50 total hip arthroplasties /
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Figure 5: Estimated reduction of revision burden following implementation of minimum volume standard thresholds of 10, 20 or 50 total hip
arthroplasties / surgeon / year (base: the total number of revisions without minimum volume standard implementation).
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