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Abstract
Purpose Our aim was to elucidate the pooled outcome of the
CementLess Spotorno (CLS) system in total hip arthroplasty
(THA).
Methods We compared the outcome of clinical inventor
studies, independent clinical studies, and worldwide register
data. The main endpoints for analysis were revision rates.
Results Twenty clinical studies were evaluated and, with one
exception, overall found revision rates largely in line with
register data. Revision rates (revisions per 100 observed com-
ponent years) range from 0.15 (inventor study) to 0.28
(independent studies) and 0.43 (register datasets).
Conclusion Data of journal publications and register
datasets using the CLS system do not differ significantly
with respect to revision rates. Only the initial inventor study
reports a revision rate three times lower than in pooled
worldwide register datasets.

Introduction

The outcome and revision rate of the CementLess Spotorno
(CLS) system (Zimmer, Warsaw, IN) are of high practical
relevance to surgeons and other decision-makers in the
health care system. Investigations undertaken in the course

of an EFORT-EAR project have shown that the revision
rates of clinical studies published in peer-reviewed journals
may deviate from register data to a statistically significant
and clinically relevant extent in about 50 % of the implant
systems under examination [1–4]. Thus, it seems reasonable
to evaluate data from clinical studies carefully and from a
critical distance by using an objective procedure. Great care
should be exercised in drawing analogies and generalising
conclusions from sample-based clinical studies as long as
systematic problems in the established scientific procedures
cannot be excluded.

The hip stem developed by Prof. Lorenzo Spotorno in 1983
was first implanted in 1985 and has subsequently become one
of the most successful cementless endoprostheses [5, 6]. Im-
plants following the same philosophy are currently offered by
various manufacturers, with the CLS stem by Zimmer (War-
saw, IN) being the most commonly used.

The revision rate is one of the most important indicators
for the long-term success of total hip arthroplasty. Two main
data sources are available for assessment: clinical sample-
based follow-up studies and worldwide register data. While
studies try to draw conclusions from the results of a sample
to the general population, the datasets of high-value regis-
ters comprise all cases which occurred in a certain country
or area. They can therefore serve as reference data for the
reproducibility of the results of sample-based studies. In due
consideration of the quality of register data and clinical
studies, it thus makes sense to undertake a final evaluation
of the revision rate of the CLS system.

The aim of this study was to further elucidate the out-
come of the CLS system and therefore evaluate its compar-
ative pooled revision rate in the published literature and
worldwide arthroplasty registers.
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Materials and methods

We conducted a web-based literature research inMedline using
the keywords “(Spotorno)” AND “(hip arthroplasty)”. The
subsequent manual literature research was complemented by
a direct request for literature from the implant manufacturer. To
be considered in our evaluation, a publication had to fulfil the
following inclusion criteria: (1) the implant must be clearly
identified, (2) data on the revision rate must either be men-
tioned in the text or unambiguously calculable from the data
contained, (3) “revisions for any reason” are compliant with
the standardised definitions in arthroplasty register reports, (4)
study in English (as the primary language for scientific pub-
lications) or German (as the authors native language) and
published in Medline-listed, peer-reviewed journals. We ex-
cluded case reports, reviews, and previousmeta-analyses from
this analysis.

Twenty publications were identified as meeting the inclu-
sion criteria and further analysed in full text [5–24]. We
compared clinical follow-up studies with datasets from
arthroplasty registers and distinguished between results from
inventor studies, independent studies (not from the inventor)
and register datasets. The included annual arthroplasty register
reports were accessible via the EFORT portal [25].

Data concerning the CLS Spotorno stem are available in
the register reports from Australia and Sweden. The Austra-
lian report also contains data on implant combinations. An
analysis of the register reports publishing implant-specific
distributions shows that about one third of all surgeries
performed are isolated cup revisions [3]. These data were
adjusted accordingly.

The main criterion for evaluation was the parameter
'revision rate'. Comparative assessment was based on a
variation of this indicator: revisions per 100 observed com-
ponent years. It was used pursuant to the guidelines of the
Australian National Joint Replacement Registry [26].

The concept of revisions per 100 observed component
years basically summarises the individual years after surgery,
all patients as “observed component years”, during which they
are at risk for revision (no. of cases x average follow-up
period). This value is then compared to the number of re-
visions observed in the same cohort. Thus, the number of
cases and the follow-up period of any publication can be
considered with respect to its impact on the results. Owing
to the higher number of observed component years, larger
studies and longer follow-up periods are given higher weight
in the calculation. The advantage of this procedure is that
different studies and data sources can be compared directly
using a single value. Avalue of one revision per 100 observed
component years corresponds to a revision rate of 5 % at
five years or a revision rate of 10 % at ten years in conven-
tional follow-up studies.

As secondary endpoint for revision clinical outcome scores
were analysed. Since the Merle d’Aubigné and Harris hip
score were mentioned in a considerable number of articles,
these scores were chosen for evaluation [5–8, 10–23].

The included journal publications were analysed with
respect to the source of publication, authors, geographical
region, number of cases, and follow-up period. By defini-
tion, any publication naming Prof. Spotorno as author or co-
author [6] was rated as a publication by the development
team and therefore no longer considered independent.

Fig. 1 Years passed after
primary implantation (in 1985)
of the CementLess Spotorno
(CLS) system (Zimmer,
Warsaw, IN) in total hip
arthroplasty (THA) before
publication of 20 clinical
studies evaluating its revision
rate [5–24]. The first articles
were published eight years after
primary implantation
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All data were pooled in a standardised way for all data
sources. For each parameter, with the exception of follow-up
times, exact values were required for inclusion in the study. If
no specific follow-up times, but mere follow-up periods were
given, a linear distribution of cases was assumed.

Statistical significance was determined through 95 %
confidence intervals (CI) calculated using the Circulator v4
Excel-based software program of the University of Ade-
laide. Given the variability in basic data and study designs
of the studies included, no further statistical evaluations
were performed.

Results

The cumulative number of cases published in clinical stud-
ies is approximately 9,200, while registers include about
2,200 cases. Due to the slightly longer average follow up
in registers, the ratio of data from clinical studies to data
from registers is approximately three to one.

The first studies were published in 1993, which was
eight years after the product had been brought on the market
[6, 7], and included a publication by the developer [6] reporting

excellent results, and data from a multi-centre analysis [7] with
short-term results and an average follow up of two and a
half years. The majority of studies were published between
the years 2000 and 2005, that is more than 15 after market
launch and after the product was already established. The years
of publication of the included clinical studies [5–24] are illus-
trated in Fig. 1.

The revision rates reported by individual studies were
very low for the first few years, whereas an increase in
revision rates was observed from the ninth postoperative
year. The pooled relative revision rates of the CementLess
Spotorno (CLS) system (Zimmer, Warsaw, IN) in total hip
arthroplasty (THA) of one inventor study [6], 19 indepen-
dent studies [5, 7–24] and worldwide arthroplasty registers
[25] are illustrated in Fig. 2.

A structured comparative analysis of the data shows that the
average revision rates published in clinical studies is largely in
line with the values from registers, as is shown in Table 1.

Only the developer’s initial publication [6] reports a revi-
sion rate that is lower by a factor of three compared to the
results from registers as a benchmark for average patient care.

Discussion

The primary aim of the present study was to conduct a
structured analysis of the revision rate of the CLS system,
with the secondary aim to compare its performance with
other implants, on the one hand, and, on the other hand,
identify potential systemic problems that may be associated
with the published data.

Structured comparative analysis of the data has shown that
the average revision rates published in clinical studies are large-
ly consistent with the comparative values from registers. Only
the initial study published by the developer reports a lower
revision rate than the independent clinical studies and registers.

It is remarkable that eight years had passed since product
launch until the first publications of revision rates appeared.
Sufficient data to assess the implant were only available

Table 1 Revision rates of the CementLess Spotorno (CLS) system (Zimmer, Warsaw, IN) in total hip arthroplasty (THA) evaluated in clinical studies
(one inventor study [6], 19 independent studies [5, 7–24]) and worldwide arthroplasty register datasets [25]

Type of study Number
of articles

Follow-up
period

Revision
rate (%)

Revisions (n) Primaries
(n)

Observed
component
years

Revisions
per 100
observed
component
years

CI Ratio
difference
to register
average

Independent
studies [5, 7–24]

19 5.49 1.46 130 8,933 46,311.54 0.28 0.24–0.33

Inventor study [6] 1 6.83 1.00 3 300 2,049.99 0.15 0.05–0.43 2.94

Clinical studies
total [5–24]

20 5.24 1.44 133 9,233 48,361.53 0.28 0.23–0.33 1.56

Register data [25] 7.39 3.18 72 2,265 16,738.00 0.43 0.34–0.54

Fig. 2 Pooled relative revision rates of the CementLess Spotorno
(CLS) system (Zimmer, Warsaw, IN) in total hip arthroplasty (THA)
of one inventor study [6], 19 independent studies [5, 7–24] and world-
wide arthroplasty register datasets [25] in percent
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after 15 years, at a time when the implant had already been
well established on the market worldwide.

The initial publication by the developer reports very good
outcomes. Considering the small number of studies and
cases published, this could have had an effect on the opin-
ions of experts in the field within the first 15 years after the
product had been introduced. However, in a critical analysis
of the data currently available this factor is not easily de-
tectable. Only about 3 % of published cases for the Spotorno
stem were actually published by the developer. This does
not apply to other implants and publications from the United
States, where developers dominate the publications about
their products in a considerable number of implants and
publish revision rates which are irreproducible in average
patient treatment [1–4, 27].

The published revision rates for the Spotorno stem are
generally low during the first few years, which suggests
good primary stability and safe use even in the hands of
less experienced surgeons.

In registers the average revision rates of the Spotorno
stem are even better than the average benchmark of all total
hip arthroplasty systems calculated independent of the prod-
uct and based on worldwide average values [27]. The CLS
system can therefore be regarded as an implant with above-
average performance.

The published datasets are self-consistent, and no rele-
vant confounders have been identified. Even though the
results published by the developer [6] differ from the out-
come achieved in average patient care, the differences are
not statistically significant and can be explained by high
personal expertise and the special circumstances typically
occurring in the process of product development [27, 28].
Analyses of publications by implant developers should gen-
erally take into account that they are not representative of
the average surgeon in all aspects [27, 28].

Longtime preoccupation with a particular topic naturally
leads to exceptional personal expertise; implants and instru-
ments are developed against a specific background and
adjusted to personal preferences. Intensive follow-up espe-
cially during the initial phase of use in the patient allows for
early implementation of comprehensive quality improve-
ment measures. Apart from this, it should not be ignored
that personal and financial interests may also be an issue.

Even the slightly better average results of independent
clinical studies can be explained by the fact that the majority
are conducted in large and specialised centres, which is not
to be rated as a systematic confounder. The published out-
comes of the Spotorno stem show the usual dispersion of
individual results about the mean.

The cementless Spotorno stem can generally be consid-
ered a good and safe implant that is likely to ensure very
good long-term results even when used by surgeons with an
average number of cases.

As every meta-analysis, the present study has the limitation
that it depends on the quality of the primary data included. In
addition, pooled datasets from arthroplasty registers are rela-
tively small in comparison to the pooled clinical data and
therefore not equal for comparative analysis. Next, we did
not state that this analysis was performed according to the
PRISMA criteria, as we did not present a trial flow of study
identification. However, we would like to underline the sig-
nificant benefit that this is the first study in the literature to
determine the revision rate of the CLS system comparing
clinical studies and worldwide arthroplasty register datasets.
Therefore, this study is most likely to reflect the actual revi-
sion rate of this implant.

Conclusion

Data of journal publications and register datasets of total hip
arthroplasty using the CementLess Spotorno (CLS) system
do not differ significantly with respect to revision rates.
Only the initial study presented by the developer reports a
revision rate that is three times lower than in pooled world-
wide register datasets.
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