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Abstract

BACKGROUND

Total hip arthroplasty (THA) is a common procedure for end stage osteoarthritis.
The learning curve for THA is complex and challenging. One of the most difficult
skills to master is acetabular reaming. We wish to identify if experience in arthro-
plasty leads to preservation of more bone stock.

AIM
To investigate if increasing surgeon experience will predict an ever decreasing
acetabular cup size.

METHODS

A retrospective case series of four attending orthopaedic surgeons was completed.
All uncemented elective total hip arthroplasties since appointment were selected
for inclusion. The size of acetabular cup used was noted and logistic regression
was used to identify if a trend to smaller cups existed.

RESULTS

A total of 1614 subjects were included with a mean age of 64 years. Overall cups
were on average 0.18mm smaller per year (95% confidence interval -0.25 to -0.11,
P <0.001). Individual surgeon trends showed cup sizes to decrease 0.27 mm/year
for surgeon A, 0.02 mm/year for surgeon B, 0.15 mm/ year for surgeon C and 0.29
mm/year for surgeon D. Three of the four surgeons had a more pronounced trend
to smaller cups for male subjects than their female counterparts.

CONCLUSION

We found increasing surgeon experience to be associated with an ever-decreasing
acetabular cup size. Smaller acetabular cup size may act as a surrogate marker of
surgical proficiency by virtue of decreased acetabular reaming.
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Core Tip: The learning curve for total hip arthroplasty is complex and challenging. One of the most difficult skills to master
is acetabular reaming. We hypothesise that with increasing surgeon experience there will be a trend to smaller acetabular cup
sizes as a result of less acetabular reaming. A retrospective case series of four attending orthopaedic surgeons was
completed. A total of 1,614 cups were analysed. Overall cups were on average 0.18mm smaller per year (95% confidence
interval -0.25 to -0.11, P < 0.001). We found increasing surgeon experience to be associated with an ever decreasing
acetabular cup size.

Citation: McKenna DP, Price A, McAleese T, Dahly D, McKenna P, Cleary M. Acetabular cup size trends in total hip arthroplasty.
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INTRODUCTION

The incidence of hip osteoarthritis and its associated morbidity is an ever increasing global health burden[1].
Management can take numerous forms however total hip arthroplasty (THA) is oftentimes necessary[2]. Competency in
elective hip arthroplasty is a skill derived from both knowledge of the procedure and surgeon experience.

In this study we hypothesise that acetabular cup size decreases in accordance with increasing THA experience. We
propose that familiarity with the procedure will result in preservation of bone stock through decreased acetabular
reaming. This trend may act as a surrogate marker of surgical competency and understanding of the procedure.

This case series of consultant arthroplasty surgeons practicing in the Republic of Ireland compares the cup sizes used
with increasing experience. Our question is, does consultant experience predict an ever-decreasing acetabular cup size?

MATERIALS AND METHODS

Four consultant arthroplasty surgeons were selected for this case series. The practices of each surgeon were analysed by
the size of the acetabular cup components used in their elective THAs. Theatre log books were analysed and cross
referenced with the Irish National Orthopaedic Register[3].

All primary elective uncemented THAs performed under each consultant since appointment were selected. Baseline
demographics and implant sizes were recorded. The manufacturer and product details for each cup used were noted.
Linear regression analysis was used to examine for a statistically significant trend towards smaller acetabular cup size.

For the purposes of analysis each surgeon served as their own control. We acknowledge that individual surgeons
prefer different cup sizes. The average size of cup that each surgeon chose when relatively inexperienced was deemed to
be their baseline preference. It was the trend with time, regardless of whether the surgeon prefers large or small cups at
baseline, that was of primary interest.

RESULTS

Consultant experience ranged from four to ten years. Cumulatively this data provided analysis for 30 years of practice. In
total 1614 cases were completed between February 2012 and September 2022. Subjects had an average age of 64 years and
a male preponderance of 51%.

Firstly the overall trend for uncemented acetabular components used against time was analysed. Year on year there
was a statistically significant trend towards decreasing cup size. Cups were on average 0.18mm smaller per year (95%
confidence interval -0.25 to -0.11, P < 0.001).

Individual consultant practices were then examined. For each surgeon there was a negative trend in acetabular cup
size. The trend for surgeon A was -0.27 mm/year, surgeon B was - 0.02 mm/year, surgeon C was -0.15 mm/year and
surgeon D had the most pronounced trend at -0.29 mm/year. Scatter plots were used to depict the trends for male and
female cup sizes in Figure 1 respectively.

Finally the effect of gender was analysed. We found that for three of the surgeons the trend in decreasing cup size was
more pronounced for male subjects. Relative to females, the trend for smaller cups was 0.1 mm/year greater in male
subjects for surgeon A, 1.19 mm/year for surgeon B and 1.64 mm/year for surgeon C. Surgeon D had the opposite trend
with their female subjects having greater decrease in cup size compared to males at 0.53 mm/year.
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Figure 1 Cup size trends. A: Male; B: Female.

DISCUSSION

Training in orthopaedic surgery and the learning curve associated with individual procedures are ever evolving. Despite
the virtues of simulation, apprenticeship learning still forms the basis of training[4]. However the definition of when a
surgeon has become fully “trained” is not well-defined. Acetabular reaming is recognised as one of the most difficult
skills in hip arthroplasty teaching[5]. Our findings were in keeping with our hypothesis that increasing experience would
confer decreasing cup sizes. This is despite all of the operating surgeons completing arthroplasty fellowships prior to
appointment as a consultant.

There is a paucity of evidence examining the trend for acetabular cup sizing in THA vs clinician experience. To our
knowledge this case series is the first to investigate this theory. However one of the related skillsets needed for hip arthro-
plasty is proficiency in templating. It has been suggested that proficiency in cup size templating occurs at between 50 and
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100 cases[6]. Given that templating is used to guide the ultimate acetabular component selected, one could expect the
trend for cup size to remain static. Our findings identify that a trend towards smaller cup sizes exist, ever after
performing more than 100 arthroplasties.

Interestingly 100 cases has been cited in other facets of hip arthroplasty as the critical volume needed to demonstrate
competency. Recent interest in the direct anterior approach for hip arthroplasty has spawned a body of data examining
the learning curve for this technique. A systematic review from Nairn et al[7] found that surrogate markers for
competency such as intraoperative time and complication rates appear to plateau once a caseload of 100 cases has been
reached. Perhaps acetabular reaming is a more subtle marker of competency in senior surgeons that can be used to assess
familiarity with the procedure.

During our analysis we noted the following two cups systems to be in use; Trident Acetabular System (Stryker,
Michigan, United Sates) and Pinnacle Hip Solutions (De Puy Synthes, Massachusetts, United States). These components
were used by all four surgeons. None of the practices examined exclusively used one acetabular cup for the duration of
the study. Even with this heterogenicity we found a significant trend to smaller cup sizes. For surgeons who are still
acquiring arthroplasty skills and techniques, it should be noted that these uncemented cups ideally transmit forces
through the acetabulum in a similar topographical distribution to the native hip joint[8]. Knowledge of these three load
bearing surfaces should also for bone stock preservation and emphasises the need for intraoperative visual control.

The other finding of note from our study is that for three of the four consultant practices examined, the trend for
decreasing cup size was more pronounced for male than female subjects. The size of reamer, depth of reaming and the
angle subtended during the reaming process are all acknowledged to influence the volume of acetabular bone loss[9]. The
reason for the male subjects having a more pronounced trend to smaller cups can only be speculated at this stage. It may
be due to subconscious biases such as conservative reaming in osteoporotic acetabula which tend to be female. Our
findings could present a target for future training if male subjects are found to be at risk of excess reaming and
unnecessary bone loss.

Another hypothesis as to why the trend was more pronounced for males is the biomechanical properties of the pelvis
that allow for press fit cup designs. In vitro testing has demonstrated that stable cup fixation is best achieved by
buttressing against the three bones that comprise the acetabulum[10]. Female pelvises are known to be smaller and
deeper than their male counterparts[11]. Given that the peripheral acetabular bone stock is of critical importance to
stability, we speculate that the more inexperienced surgeon may use larger cups for male subjects in an effort to ensure
adequate fixation in their shallower acetabula.

The main strengths of this case series are the number of subjects and the expertise of the fellowship trained arthro-
plasty surgeons. To the authors” knowledge it is the first descriptor of acetabular cup size trend vs surgeon experience.
The main weaknesses are its inherently descriptive nature and the lack of an scientific explanation for the discrepancy in
trends for male vs female subjects. We also acknowledge that a lack of data regarding the components used limits our
results. Cup design is known to influence cup seating in THA[12]. This may in turn influence the degree of reaming
required for different components.

Further studies examining surgeons of varying experience may show a more pronounced learning curve from larger to
smaller cup sizes. We expect the decrease in cup size to be more evident with increasing surgeon experience. This in turn
could be a marker of proficiency when gauging the abilities of an arthroplasty surgeon in training.

CONCLUSION

In our case series of four consultant hip arthroplasty surgeons, acetabular implant sizes continue to trend smaller with
increasing experience in clinical practice. Fellowship trained arthroplasty surgeons continue to develop component sizing
preferences even after their formalised training and this may serve as a surrogate marker of familiarity with the
procedure and proficiency.

ARTICLE HIGHLIGHTS

Research background

To the authors knowledge this is the first study examining total hip arthoplasty experience and the relationship with
acetabular cup size. Other facets of arthroplasty learning are documented however the trend towards ever decreasing cup
sizes has not been previously described in the literature.

Research motivation

The motivation for this study was derived from noting a trend towards smaller acetabular cup sizes by one of the arthro-
plasty surgeons in our institution. We wanted to investigate if this observation was in fact correct and if so identify the
underlying reasons.

Research objectives

The main objective was to record acetabular cup size used against time. This was completed by means of chart review.
Future research by means of a prospective trial would benefit from standardization in cup size used.
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Research methods
The log books from our elective theaters were cross checked with the national hip database. Acetabular cup sizes used
were recorded for each surgeon. Logistic regression was then used to assess the trend against time.

Research results

We found experience in hip arthroplasty predicts an ever-decreasing acetabular cup size. The main unresolved question
is why does this trend exists? This retrospective study also highlights that the trend for males appears to be more
pronounced. This finding was unexpected and again the exact reason for this can only be speculated at this stage.

Research conclusions
This study proposes that even despite being fully trained in hip arthroplasty, a trend exists to ever decreasing acetabular
cup sizes for arthroplasty surgeons.

Research perspectives
Future research should be targeted at investigating if these smaller acetabular cups result in improved clinical outcomes
and also at the underlying reasons for this trend.
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