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Abstract: Background: Aseptic loosening is one of the leading causes of stem revision. Einzel Bild
Röntgen Analyse–Femoral Component Analysis allows for the detection of distal stem migration,
which is used as a predictive factor for implant longevity. This study aims to demonstrate the
migration behavior of a cemented collared anatomical stem. Methods: This study retrospectively
examined all patients who received a cemented Lubinus SP II stem (Waldemar Link, Hamburg,
Germany) between 2003 and 2019. We used the EBRA-FCA software (University of Innsbruck,
Austria) to determine the migration patterns and thoroughly examined the patients’ medical histories.
In addition, the potential influence of femoral configuration and BMI on the migration behavior
was assessed. Results: This study included 61 patients (48 females and 13 males) with a total of
61 stems that met our inclusion criteria. The mean age at surgery was 76 years (ranging from 30 to
93 years). According to EBRA-FCA migration analysis, a median subsidence of 0.7 mm was observed
at 24 months and at the final follow-up (median 78 months). Distal stem migration was significantly
higher at the 6-month time point in patients with Dorr type A femurs compared to Dorr type B femurs
(p = 0.016). Body mass index (BMI) had no significant effect on stem migration. Conclusions: The
measured subsidence of the Lubinus SP 2 stem using EBRA-FCA was below established thresholds,
indicating excellent long-term outcomes. Although there was significantly increased subsidence in
Dorr type A femurs during the initial 6 months, thereafter, no statistically significant difference was
observed compared to Dorr type B femurs.

Keywords: total hip arthroplasty; Einzel-Bild-Röntgen-Analyse; cemented; subsidence

1. Introduction

Total hip arthroplasty (THA) has emerged as a highly successful surgical interven-
tion that improves the life of patients suffering from hip joint osteoarthritis by alleviating
pain and restoring functionality [1–3]. Both cemented and uncemented femoral compo-
nents in THA demonstrated outstanding long-term survival rates exceeding 95% after a
decade [4]. Despite this, aseptic loosening is, in general, the leading cause of stem revi-
sion [5–10]. Aseptic loosening can occur from an inadequate initial fixation [11]. While the
insufficient fixation of cementless femoral components arises from an inadequate press fit
resulting in micromotion with a subsequent lack of osseointegration, a lack of fixation in
cemented stems can result from either a suboptimal cementation technique or component
malposition [11,12].
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In this context, earlier research findings indicated that distal migration of the stem,
commonly referred to as subsidence, serves as a reliable predictive indicator for early aseptic
loosening [13–17]. However, different migration thresholds have been published in the past
depending on the used measurement method. By using Roentgenstereophotogrammetrie
(RSA), Kärrholm et al. reported that the subsidence of cemented stems exceeding 1.2 mm
within the initial 2 years after surgery is likely to result in an early implant failure within
the subsequent 4–7 years [16]. Next to this, Krismer et al. rated a distal migration of 1.5 mm
measured with Einzel-Bild-Roentgen-Analyse–Femoral Component Analysis (EBRA-FCA)
after 2 years as a risk factor for early aseptic loosening [13].

EBRA-FCA represents a computerized approach for assessing the distal migration of
femoral stems through conventional anterior–posterior (AP) pelvic radiographs, eliminat-
ing the need for supplementary tools like ball markers during exposure. In comparison to
roentgen stereophotogrammetric analysis (RSA), EBRA-FCA has demonstrated a reliable
measurement accuracy in detecting axial migration exceeding 1 mm, coupled with excellent
interobserver reliability [13,18].

In addition to radiological criteria, the clinical outcome plays a decisive role in the
assessment of hip prosthesis. For this purpose, various methods are currently available
encompassing patient-based, functional-performance-related, and surgeon-based evalua-
tions [19]. Among surgeon-based outcome measures, range of motion has been described
to correlate with stair-climbing ability, tying shoes, as well as patients’ opinion of their
functional status [20], and it was found to be a sensitive indicator of hip outcome after
THA [21].

The investigated stem is the cemented Lubinus SP2 by Link (Waldemar Link, Hamburg,
Germany), which has an anatomic design with an S-shaped curvature in the sagittal
plane [22].

This study aimed to examine the clinical outcomes and migration patterns of the
cemented SP2 stem using EBRA-FCA during a median mid-term follow-up of 6.5 years.
Additionally, we assessed the potential impact of femoral configuration and body mass
index (BMI).

2. Materials and Methods

This study was approved by the local ethics committee. In the present retrospective
study, all subsequent patients who received a cemented Lubinus SP2 stem at the Depart-
ment of Orthopaedics and Traumatology of the Medical University of Innsbruck between
2003 and 2019 were reviewed. During this period, a total of 244 cemented Lubinus SP2
stems were implanted.

The Lubinus SP2 stem is a Cobalt–Chrome–Molybdenum-tapered, anatomically de-
signed prosthesis featuring a collar, originally introduced in 1982 [22]. Presently, this
prosthesis is provided in three standard lengths (130, 150, and 170 mm), encompassing
three Center–Collum–Diaphysis (CCD) angles (117◦, 126◦, and 135◦), and available in
seven distinct stem widths [22]. Additionally, the stem offers a standard and an extra-long
neck, along with up to four head–neck lengths to precisely accommodate lateralization and
leg-length requirements [22].

The prosthetic design, characterized by its anatomical shape, facilitates the formation
of a consistent cement mantle around the stem within the medullary canal [22]. This
anatomical feature contributes to a more natural stress distribution by mitigating pinpoint
stress at the bone/implant interface [22,23].

This investigation involved a thorough examination of medical histories, with a focus
on gathering sociodemographic information, details about the surgical approach employed,
BMI, cut-to-suture time, and the preoperative diagnosis indicating total hip arthroplasty
(THA). Additionally, the femoral configuration was systematically categorized using preop-
erative X-ray images, following the classification scheme proposed by Dorr, which includes
type A (“champagne flute”), type B (“normal”), and type C (“stovepipe”) [24]. Furthermore,
the range of motion was systematically documented preoperatively and up to one year
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after surgery by the surgeons in our department, using a goniometer as part of the clinical
examination protocol.

Axial migration of the stem, prosthetic stability, as well as stem tilting were retro-
spectively evaluated with EBRA-FCA (University of Innsbruck, Austria) by using plain
X-ray images [13,18]. A total of 19 reference points were determined, distributed across the
femoral head (n = 3–7), the stem (n = 2), the femoral cortex (n = 8), and singularly at the ma-
jor and minor trochanter [18]. The EBRA-FCA software employs a comparability algorithm
to exclude unsuitable radiographs. The program measures three distances between bony
and prosthetic landmarks (the distance between the center of the femoral head and the
stem shoulder, the center of the femoral head and the stem axis, and the stem shoulder and
the tip of the stem) and compares these distances between the pairs of radiographs. If the
distance exceeds the comparability limit of 3 mm, the image is excluded due to significant
positioning artifacts. Figure 1 depicts the X-ray image of a SP2 stem, including EBRA-FCA
references [18].
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Figure 1. Anterior-to-posterior X-rays showing a cemented SP2 stem (A) and with EBRA-FCA
references (B): (a) head points, (b) stem axis, (c) stem shoulder, (d) major trochanter line, (e) minor
trochanter lines, (f) tip-of-stem line, and (g) points at femoral bone contour.

In the Department of Orthopaedics and Traumatology at the Medical University of
Innsbruck, a standardized radiographic follow-up protocol is routinely implemented for
patients, comprising assessments prior to discharge, at 6 weeks postsurgery, 12 months
postoperative, and subsequently at intervals of 1 to 2 years. Additional radiographs are con-
ducted in cases where patients report any complaints related to THA. All radiographic imag-
ing is uniformly performed at our Department of Radiology using the anterior–posterior
(AP) projection, with patients assuming an upright position under full weight-bearing
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conditions. All X-ray images were stored on a Picture Archiving and Communication
System (PACS). The inclusion criteria for this investigation necessitated a minimum of
three radiographs per patient and a minimum radiological follow-up period of 2 years.

A migration analysis was conducted using EBRA-FCA by an impartial investiga-
tor who was not directly involved in the surgical procedures or postoperative care of
the patients.

Statistics

Descriptive statistics (the mean, median, range, and standard deviation) were obtained
using Excel (Microsoft Excel 2016, Redmond, WA, USA). All calculations for comparative
statistics were carried out using Graph Pad Prism (Version 10.0, GraphPad Software,
Inc., La Jolla, CA, USA). The Kolmogorov–Smirnov Test was used to assess the normal
distribution of the datasets. As in most of the cases, the data were not normally distributed,
the Kruskal–Wallis Test with Dunn’s correction for multiple comparisons was used for the
evaluation of the EBRA-FCA measurements at different time steps. The Kruskal–Wallis
Test with Dunn’s correction for multiple comparisons was also used for the investigation of
patients with different femoral configurations (Dorr type). For assessments of the EBRA
measurements for the comparison of patients with different BMIs (BMI ≤ 25 kg/m2 and
overweight BMI > 25.0 kg/m2), the Mann–Whitney U Test was used. The range of motion
pre- and postoperatively was analyzed by using the Wilcoxon matched-pairs signed-rank
test. A p-value of 0.05 was considered to be statistically significant.

3. Results

A total of 61 patients who underwent THA surgery and fulfilled the inclusion criteria
as well as provided informed consent were enrolled in this study (female: 48, male: 13, ratio
79:21). The mean age of the patients was 76 years (range 30–93), with a median follow-up
duration of 6.5 years (range 2–16). Among the patient cohort, 77.0% underwent THA
surgery for primary osteoarthritis (OA). A predominant proportion of patients (67.2%)
underwent surgical interventions in a lateral position utilizing a transgluteal lateral ap-
proach, whereas the remaining cohort (32.8%) underwent procedures in a supine position
employing a direct anterior approach. The mean cut-to-suture time was 105 (range 33–282)
min. Additional details on the demographic data of the patients as well as the surgical
procedure are given in Table 1, while details on the implanted stems can be found in Table 2.

Table 1. Patient demographics of the study group. Range is given in brackets.

Number of Patients Female 48
Male 13

Mean age (years) 76 (30–93)
Mean BMI (kg/m2) 26 (19–34)
Surgical site Left 27

Right 34
Median radiological follow-up (years) 6.5 (2–16)
Preoperative diagnosis Primary osteoarthritis 47

Femoral neck fracture 7
Avascular necrosis of femoral head 5
Others 2

Surgical approach Direct anterior approach 20
Transgluteal lateral approach 41

Surgical position Supine 20
Lateral 41

Mean cut-to-suture time (min) 105 (33–282)
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Table 2. Details on Dorr classification and implanted components. Percentage given in brackets.

Dorr Classification A 15 [24.6]
B 26 [42.6]
C 20 [32.8]

Stem length 130 0 [0.0]
150 55 [90.2]
170 6 [9.8]

CCD angle 117 0 [0.0]
126 26 [42.6]
135 35 [57.4]

Head diameter (mm) 28 33 [54.1]
32 28 [45.9]

EBRA-FCA was conducted at the final follow-up for 55 out of the 61 stems, utilizing an
EBRA-FCA-prescribed comparability limit of 3.0 mm with a 95% confidence interval. On
average, 5.3 X-rays (range 3–11) were subjected to analysis for each implant. Six patients
were excluded from the EBRA-FCA migration analysis due to issues related to the com-
parability algorithm. A comprehensive set of X-ray images at each designated time point
(e.g., 6 months, 12 months, etc.) was not available for the majority of patients. Owing to the
drop out of patients during the follow-up period, varying case numbers were considered
in the analysis of migration behavior over time.

EBRA-FCA demonstrated a median migration of 0.2 mm (range 0.0–2.6) at 6 months,
0.5 mm (range 0.0–2.4) at 12 months, 0.7 mm (range 0.0–4.2) at 24 months, and 0.7 mm
(range 0.1–6.5) at the last follow-up (median 78 months). The magnitude of subsidence at
6 months and the last follow-up showed a statistically significant difference (p < 0.0001).
In all other comparisons, no statistical significance could be found for implant subsidence.

Mean monthly axial implant migration was 0.03 mm/month within the first 6 months,
0.05 mm/month between 6 and 12 months, 0.02 mm/month between 12 and 24 months,
and no further migration until the last follow-up. Thus, the main axial subsidence was
observed predominantly within the period between six and twelve months postsurgery
(Figure 2).
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Additionally, the median angle between the stem and femoral axis measured 0.3◦

(range 0.0–3.3◦) at 6 months, 0.3◦ (range 0.0–2.0◦) at 12 months, 0.5◦ (range 0.0–5.2◦) at
24 months, and 0.8◦ (range 0.1–17.3◦) at the last follow-up (Figure 3). A statistically
significant higher angle between the stem and femoral axis could be found between X-rays
taken after 6 months and the last follow-up (p = 0.007). No statistically significant difference
could be found for the angle between the stem and femoral axis for the other intervals
(p > 0.06).
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Patients were split into three groups according to the Dorr classification. At 6 months
follow-up, patients classified with Dorr type A showed a statistically significant (p = 0.016)
higher migration (median subsidence 0.4 mm, range 0.1–2.6) when compared to patients
classified with Dorr type B (median subsidence 0.1 mm, range 0.0–1.0). At 6 months of
follow-up, no other statistically significant differences could be found for Dorr type C
(median subsidence 0.3 mm, range 0.0–1.6, p > 0.053). After 6 months of follow-up, no
statistically significant difference could be observed between the three Dorr groups. No
statistically significant difference could be found between the three Dorr groups when
considering the angle variation.

The patients were also categorized into two groups based on their BMI: normal
(BMI ≤ 25 kg/m2) and overweight (BMI > 25.0 kg/m2). There was no statistically significant
difference between the two groups in terms of subsidence and angle during the follow-up
period (p > 0.05).

The pre- and postoperative comparison of the range of motion revealed statistically
significant mean improvements: flexion increased by 10◦ (p = 0.0088), internal rotation by
10◦ (p = 0.0002), external rotation by 8◦ (p = 0.0011), adduction by 10◦ (p = 0.0011), and
abduction by 7◦ (p < 0.0001). However, no statistically significant difference was observed
in the range of motion for extension (p = 0.5000) between the pre- and postoperative
assessments.

4. Discussion

In this study, the migration pattern of a cemented, tapered, anatomically designed
prosthesis featuring a collar was analyzed at a median mid-term follow-up of 6.5 years.
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Additionally, the impact of patient-related attributes on subsidence was assessed. To the
authors’ knowledge, this study is the first migration analysis for this prosthesis using the
EBRA-FCA method. The most important finding of this study was a median migration of
the Lubinus SP 2 stem (Waldemar Link, Hamburg, Germany) of 0.7 mm at both 24- and
78-month follow-up. Although BMI did not demonstrate a statistically significant effect on
subsidence, there was a significant increase in distal stem migration observed at 6 months
in Dorr type A compared to those classified as Dorr type B.

Failures of implants intended for the proximal femur, whether used in osteosynthesis
or hip arthroplasty, can have significant implications for patient outcomes, often neces-
sitating complex revision surgeries [25]. To mitigate the risk of failure, it is essential to
know the most common causes and understand the mechanisms of failure for the implant
used. In osteosynthesis, implants like gamma nails and dynamic hip screws are often
used for the stabilization of fractures in the proximal femur [26,27]. The most frequently
observed complication with both implants is the cut-out of the lag screw, which is due to
poor positioning in the femoral head [28,29]. In total hip arthroplasty, femoral components
vary in design and fixation technique, with common causes for revision including aseptic
loosening, infection, and periprosthetic fracture [30].

In cemented stems, aseptic loosening poses a challenge and represents a leading
cause for stem revision, with early subsidence being acknowledged as a predisposing risk
factor [13,31,32]. With a specificity of 100% and a sensitivity of 78% in identifying distal stem
migration exceeding 1 mm in comparison to RSA, EBRA-FCA is considered appropriate
for detecting and quantifying subsidence in THA [18]. Although RSA is recognized as
the benchmark for migration measurements, its reliance on the implantation of tantalum
marker balls limits its applicability to prospective study designs exclusively [33]. Notably,
EBRA-FCA offers the advantage of being a non-invasive technique, making it feasible for
the retrospective study design in our investigation.

In the past, Kärrholm et al. reported a revision rate for the cemented Lubinus SP
1 stem of over 50% when the subsidence measured by RSA exceeded 1.2 mm within the first
2 years postoperatively, rising to over 95% when distal migration surpassed 2.6 mm [16].
Using EBRA-FCA, Krismer et al. were able to identify a threshold of 1.5 mm within the
first two years, where revision due to aseptic loosening can be predicted with a sensitivity
of 69% and a specificity of 80% [13]. However, it should be noted that out of a total of
240 investigated implants, only 60 were cemented (MEM, Protek Ltd., Bern, Switzerland),
which led to an inhomogeneous group in Krismer et al. [13].

Various implants were part of migration measurements using these threshold values.
In their RSA study, Nieuwenhuijse et al. reported a mean distal migration of the cemented
Exeter stem (Stryker, Kalamazoo, MI, USA) of 2.13 mm after a ten-year follow-up, whereas
the stem continued to migrate during the whole first decade after implantation [17]. The
continuous migration of the Exeter stem was confirmed by Murray et al., with a mean
observed migration at two years of 0.7 mm and 1.3 mm at 10 years, which is less than what
was reported in the aforementioned study [17,34]. Clement et al. documented a subsidence
of 1.2 mm in the Exeter stem two years after surgery by using EBRA-FCA for migration
measurement [35]. As Nieuwenhuijse et al. had no stem revision in their cohort, the authors
suggested that absolute stability is not a prerequisite for sufficient long-term follow-up if
the stem design is aligned with migration compatibility [17,36]. Moreover, Murray et al.
described the migration of the Exeter stem as a combination of subsidence and internal
rotation with posterior head migration, whereby subsidence occurred within the cement
mantle [34]. Based on these findings, the authors concluded that a sustained compressive
force is generated at the cement and bone–cement interface, maintaining a secure fixation
over the long term [34]. In comparison, Sesselmann et al. examined the migration behavior
of the Lubinus SP 2 stem by using RSA [37]. Herein, the stem exhibited a lesser distal
migration of 0.03 mm at 2 years and of 0.04 mm at 10 years [37]. The maximum subsidence
occurred between 6 and 12 months postoperatively [37]. In our study, we were able to
confirm the observation reported by Sesselmann et al. regarding the timing of the greatest
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migration. However, we found a higher median distal migration of 0.7 mm after 2 years
and at the last follow-up examination using EBRA-FCA. Nevertheless, these results are
clearly below the reported thresholds of Kärrholm and Krismer [13,16].

The difference in the migration behavior of the mentioned stems is explained by their
stem designs [38]. The Exeter stem operates as a force-closed stem, which is characterized
by its collarless, double-tapered polished configuration [17,34]. This structural arrangement
is known to promote distal migration within the cement mantle [17,34]. In contrast, the
SP 2 stem is a shape-closed stem characterized by a collar that facilitates the physiological
force reintroduction into the femur, while resisting rotational forces due to its s-shaped
design resulting in almost no further migration one year postoperatively [39].

Different femoral configurations (“champagne flute”, “normal”, and “stovepipe”)
should be considered when selecting the stem type [23,24]. Femora classified as Dorr
type A with thick and pronounced cortices forming a narrow diaphyseal canal and a
“champagne flute” of the proximal femur are of particular interest [39,40]. Jørgensen
et al. found significantly higher subsidence in Exeter standard stems compared with the
Exeter short stem in Dorr type A femora within the first 3 months (1.59 mm vs. 0.89 mm,
p < 0.001) [40]. Afterward, both stems showed a similar migration pattern of continued
subsidence and retroversion [40]. Prins et al. conducted a study revealing excellent long-
term results with the relatively short 130 mm SP 2 stem. They highlighted potential benefits
such as the preservation of bone distal to the stem and the improved proximal filling,
resulting in a more even cement distribution [39]. This might be particularly advantageous
in Dorr type A femurs [39]. However, the authors did not measure stem subsidence [39]. In
our research, patients classified as Dorr type A exhibited significantly (p = 0.016) higher
migration rates after 6 months compared to those categorized as Dorr type B (0.4 mm vs.
0.1 mm). Subsequently, no further difference in migration between the groups was found
at the other time points. It is important to mention that our study group did not include
130 mm Lubinus SP II stems.

The influence of other demographic factors like weight or BMI on stem subsidence
yielded different results for cemented and cementless stems [41–43]. While in the study
by Dammerer et al. the subsidence within the first 12 months for a cementless Accolade II
stem (Stryker, Kalamazoo, MI, USA) was increased in obese patients (BMI ≥ 30 kg/m2),
Stihsen et al. were only able to demonstrate an influence of increased body weight, but not
BMI, on migration for the cementless Vision 2000 stem (Depuy, Warsaw, IN, USA) [41,42].
When having a look at cemented stems, Onsten et al. demonstrated, in an RSA study,
that body weight had no influence on distal stem migration [43]. In the present study, a
BMI > 25 kg/m2 was not found to yield a statistically significant increase in subsidence.

This study has some limitations that must be mentioned. First, this study has a
retrospective design, and thus some of the patients had to be excluded from the cohort,
which may make the study more susceptible to selection bias. Second, a control group was
missing. Third, variations in the number of X-rays taken for each hip during follow-up,
along with the smoothing function of EBRA-FCA, might have impacted the migration
results. Fourth, no particular hip score was accessible for assessing clinical outcomes.

5. Conclusions

In summary, the subsidence of the Lubinus SP 2 stem measured with EBRA-FCA was
below the known thresholds and in line with the existing literature, suggesting excellent
long-term results. The subsidence in Dorr type A femora was significantly increased within
the first 6 months but subsequently showed no further statistical difference to Dorr type B
femora. BMI had no influence on subsidence.
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