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Abstract

Background

Modular stems are widely used in revision total hip arthroplasty (THA) with aseptic loosening
being a common reason for revision. Despite the good results reported on the use of modular
stem designs, there are only few studies focusing on aseptic revisions and few studies on a
hexagonal stem design. The goal of this study is to determine stem survival, clinical and func-
tional outcome along with possible risk factors for implant failure in aseptic revision THA.

Methods

We retrospectively identified 53 patients with aseptic THA revision using a modular hexago-
nal stem with a minimum follow-up of two years. Femoral bone loss, radiographic and clini-
cal outcomes as well as function measured using the Harris Hip Score (HHS) was
assessed. Patients’ previous medical history was analyzed for comorbidities and the body
mass index. Stem survival was calculated using the Kaplan-Meier method. Possible risk fac-
tors for implant failure were analyzed using the log-rank test. The median age at revision
was 69 (IQR 62-73) with a median follow up of 74 months.

Results

Implant survival rates amounted to 90.4% at 3 and 5 years. The median HHS improved by
47 points (34 (IQR 22—47) vs 81 (IQR 59-90) p<0.001). There was a reduced implant sur-
vival after 5 years when the revision stem was used following a previous cemented stem
(83.4% vs 100%, p = 0.04).

Conclusion

A modular, hexagonal stem can be successfully used in aseptic revision THA with remark-
able functional results and excellent survivorship. Revision of a cemented stem using this
implant might result in reduced survival which must be considered when planning treatment.
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Introduction

Total hip arthroplasty (THA) is a successful treatment option for osteoarthritis and leads to
excellent outcomes in the long-term [1]. However, there are several mechanisms of implant
failure that might require revision surgery with approximately 50.000 THA revisions per-
formed annually in the US [2]. By 2026 the number of THA revisions is expected to double
making constant improvement indispensable to meet the growing demand in quality and
quantity [3]. One of the most common reasons for revision surgery is aseptic loosening with
16.8% of revision THA performed for this indication. In 16.4% of all revisions in 2017 the
stem was affected [4].

While there are several challenges in performing revision THA, femoral bone loss repre-
sents a major problem and complicates stable stem fixation [5-7]. While minor bone loss with
intact metaphyseal region can be treated using conventional stems, major bone loss with defi-
cient metaphyseal bone requires a different approach with several different cementless or
cemented stems available to achieve stable fixation [8]. Bridging the bone defect using a
cemented technique is possible however, higher loosening rates for cemented revision stems
are discussed [9]. Alternatively, a diaphyseal anchorage using a cementless long stem can be
used with multiple modular or non-modular, monoblock designs available. While one advan-
tage of non-modular monobloc stems might be a reduced rate of intraoperative fractures, stem
subsidence was found to be less common after implantation of a modular system [10]. How-
ever despite offering great intraoperative variability to address different defects and recon-
struct the hip’s center of rotation as well as leg length irrespective of the distal fixation in cases
of major bone loss [7,8,11,12], there are downsides to modularity with previous studies report-
ing potential mechanical failures of the junctional sites such as fretting, fatigue fractures or cor-
rosion [11,13-15].

Current studies suggest a good mid to long-term survival rate between 82% and 96% after
six [16] and ten years of follow-up [17] generally leading to a significant improvement of func-
tional scores. The main causes of failure were recurrent periprosthetic joint infection (PJI)
after septic revisions [17-19] and aseptic loosening [16].

However, previous studies report results of multiple stem designs used for heterogeneous
septic and aseptic indications. The majority of the current studies describe stem survival and
functional outcome of a modular system focusing on staged revision for PJI [17-27]. While
aseptic loosening is a major cause for revision in THA, there is a scarcity of studies focusing on
this indication. Furthermore, there is no study on using a hexagonal, modular stem design for
aseptic indications to our knowledge.

The purpose of this study is to investigate survival rates of a modular revision stem in cases
of aseptic revision total hip arthroplasty and identify potential risk factors for failure.

Methods

Approval of the institutional review board (Ethik Kommission der Arztekammer Westfalen-
Lippe und der Westfilischen Wilhelmsuniversitdt) was obtained prior to this investigation
(local ethical committee ref. n0.2018-704-£-S). All data were fully anonymized before analysis.
Patients medical records where accessed from December 2018 to April 2019 from our hospital
database. A specific source of funding was not required in this study. It was conducted accord-
ing to the principles of the World Medical Association Declaration of Helsinki.

We retrospectively reviewed our institution’s database and identified all patients who
underwent aseptic, single-stage revision THA using a single design hexagonal femoral revision
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stem (MUTARS-modular tumor and revision system RS stem, Implantcast GmbH, Buxte-
hude, Germany) (Fig 1) between 2006 and 2015.

Fig 1. The modular tumor and revision system RS stem. This modular, hexagonal revision system has a
hydroxyapatite (HA) coating on the metaphyseal and diaphyseal parts which allows a combined distal and proximal
cementless fixation. Additionally, a non HA-coated version for a cemented fixation is available.

https://doi.org/10.1371/journal.pone.0233035.g001
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Patients who were treated for periprosthetic joint infection, different stem designs or mega-
prosthetic reconstructions were excluded. A minimum follow-up period of 24 months was
required. Follow-up was derived from the last contact with our institution.

Applying the exclusion criteria, we were able to identify 71 cases. 14 patients (19.7%) did
not return to our clinic for their examination and four patients (8.5%) died during the first 24
month after exchange of the prosthesis of other cause to our knowledge. leaving 53 patients for
further analysis. The median follow-up was 74 months (interquartile range (IQR) 31-90).

Patient’s previous medical history was analyzed for comorbidities and the body mass index
(BMI) and Charlson Comorbidity Index (CCI) was calculated [28,29] (Table 1).

Preoperative conventional radiographs were obtained and femoral bone loss was assessed
and classified using the Paprosky Index in cases of aseptic loosening [5,30,31]. In 5 cases of
loosening combined with a periprosthetic fracture of the femur the Vancouver classification
was used [32,33] (Table 2).

To rule out periprosthetic joint infection (PJI) preoperative joint aspiration and evaluation
of serum C-reactive-protein (CRP), interleukin-6 [34] and leukocytes was performed [35]. In
addition, intraoperative tissue samples were obtained and cultured for at least 7 to 14 days for
microbiological growth.

All surgeries were performed by a senior orthopedic surgeon with expertise in revision
arthroplasty. Synovectomy, debridement and pulsed irrigation were performed before implan-
tation of the revision stem. In case of a loosening of a cemented stem, all remaining cement
was completely removed. Postoperative all patients with uncemented stems were allowed par-
tial weight bearing for six weeks. After a clinical examination and radiographic reevaluation,
they were allowed to begin full weight bearing (Fig 2).

Primary endpoint was defined as prosthetic failure requiring revision of the stem component or
exchange of the implant. Secondary endpoints were death and revision without implant removal.

Postoperative radiographs were examined for signs of loosening, subsidence and osteointe-
gration using the criteria established by Engh et al. [36].

Functional assessment was performed using the Harris Hip Score (HHS) [37] preopera-
tively and at last clinical examination in our department for all retained stems.

Statistical analysis

Data collection and statistical analysis were performed using Excel (Microsoft Corporation,
Redmont, Washington, USA) and SPSS Statistics for Windows Version 25 (IBM Corporation,
Armonk, NY, USA). All patient records were anonymized prior to analysis.

Data were analyzed according its distribution: means and ranges were calculated for
parametric data; for nonparametric data medians and interquartile ranges (IQR) were calcu-
lated. Survival analysis was performed using the Kaplan-Meier method [38], differences in sur-
vival and influencing factors were assessed using the log-rank test [28]. Contingency tables
were analyzed using the chi-squared-test. Differences in means were compared using the

Table 1. Patients’ demographics.

Variable Median IQR!
Age at surgery in years 69 62-73
Follow-up period in months 72 38-91
BMI in kg/m® * 29 24-35
Charlson comorbidity index 3 2-4

*Missing data in 3 cases, 1 IQR 25% to 75%

https://doi.org/10.1371/journal.pone.0233035.t001
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Table 2. Surgical details.

Variable N %
Sex
R OO SN 200 e BT
Female 33 62.3
Indication for revision
Aseptic loosening 49 92.5
Fracture 4 7.5

femoral bone loss [31]

I .2 38
I 15 283
Wa 2 453
B 6 R
v 3.8
Classification of fractures [33]
B2 Lo L
B3 3 5.7
Mode of fixation
Cementless 48 90.5
Cemented 5 9.5
Concomitant cup revision
Yes 22 41.5
No 31 58.5

https://doi.org/10.1371/journal.pone.0233035.t1002

student’s t- test, non-parametric analyses were performed using the Mann-Whitney U-test
and Wilcoxon signed rank test. Statistical significance was defined as p<0.05.

Results
Implant survival and failure modes

Implant survival was found to be 90.4% (95% CI 82.4-98.4%) at 3 and 5 years with 41 and 33
at risk. (Fig 3). Patients with a minimum follow up of 5 years displayed implant survival of
87.2% (95% CI 76.7-97.7%) after 5 years with 33 risk.

In three cases (5.7%) initial fixation failure of the stem with stem revision occurred. Loosen-
ing of the neck resulted in a revision of the prothesis without stem revision in one patient
(1.9%) (Table 3).

Another patient presented with delayed wound healing with suspicion for early onset infec-
tion shortly after the operation and underwent surgical debridement, lavage and exchange of
mobile components without stem revision. Six patients (11.3%) underwent revision of the cup
because of aseptic loosening in our clinic during their follow up. The stem did not require revi-
sion in all six cases. While 11 cases (20.8%) showed intraoperative positive cultures, a PJI
resulting in stem revision only occurred in two cases (3.8%) (after 27 and 147 months). Of the
11 patients with intraoperative positive cultures 5 received antibiotic treatment, while the rest
were classified as contamination of the tissue sample.

In our analysis of potential risk factors for stem revision we investigated obesity (BMI>30),
age (>70), sex, major bone loss (Paprosky > IIIA), intraoperative positive cultures, and prior
cementation of the femoral component. In all six cases of stem revision for any reason the pre-
vious stem was cemented (p = 0.04 Log-Rank-Test). With the numbers we had, we could not
identify any further risk factors for stem revision. (Table 4 and Fig 4).
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Fig 2. Pre- and postoperative radiographs. a) cemented primary THA with aseptic stem loosening and a Paprosky IITa femoral bone defect due to the great amount of
bone cement b) postoperative radiography with a uncemented MUTARS RS Stem.

https://doi.org/10.1371/journal.pone.0233035.9002

Functional outcome

The Harris Hip Score (HHS) was available in 40 cases. The median HHS improved by 47
points after stem revision (34 (IQR 22-47) vs. 81 (IQR 59-90) points; nonparametric distribu-
tion, p<0.001 Wilcoxon signed rank test). No significant difference in HSS were observed
between cohorts based on bone loss, cementation, stem length or diameter, comorbidities,
obesity, sex or age in our analysis (Mann Whitney U-Test).

Discussion

This is a retrospective, single center, single prosthetic design study investigating implant sur-
vival and functional outcome of a modular revision stem. The main finding was that a single
design hexagonal stem shows excellent mid and long-term survival and improvement of
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Fig 3. Stem survival after 6 years of follow up. Implant survival was found to be 90.4% (95% CI 82.4-98.4) at 3 and 5 years.
https:/doi.org/10.1371/journal.pone.0233035.9g003

function. While potential patient related risk factors could not be identified, cementation of
the previously implanted stem before revision surgery was associated with a significant shorter
revision free survival of the RS stem.

In a constantly aging society mobility of the elderly remains a topic of growing popularity.
To meet these expectations THA revision surgery will have to undergo constant improvement.
Bone loss of the proximal femur is one of the greatest challenges regarding stem fixation

Table 3. Patients with stem failure.

implant survival (month) Reason Paprosky CCI Revision implant

16 aseptic loosening I1Ib 2 total femur arthroplasty

17 neck-taper failure IIIa 1 uncemented RS system'

21 aseptic loosening IIIb 6 cemented monoblock

26 aseptic loosening v 2 cemented RS system

27 PJI IIIb 4 cemented modular system*
147 PJI I 3 cemented monoblock*®
*outside hospital,

! revision of the neck-taper junction without stem revision

https://doi.org/10.1371/journal.pone.0233035.t003
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Table 4. Risk factor analysis.

Variable N patients 5-year implant survival in % 95% CI P (log-rank)
<70 28 89.1 77.6-100
>70 25 91.8 80.5-100
yes 10 90.0 71.4-100
no 43 90.1 81.8-98.8
yes 20 90 76.9-100
no 30 89.7 78.8-98.6
cementless 22 100 100-100
cemented 31 83.4 70.1-96.7
yes 11 90.9 73.9-100
no 42 90.3 73.9-100
yes 36 85.8 74.3-97.3
no 17 100 100-100
'three missing values for BMI
https://doi.org/10.1371/journal.pone.0233035.1004
10 -+ —t + + +—+ _ r—cementless fixation prior to
revision
—ITcemented fixation prior to revision
censored
08
©
2
5
» 06
£
[
7]
04
02
1 2 3 4 5 6
Follow Up (Years)

Fig 4. Stem survival compared regarding prior fixation of the revised stem. A cemented fixation of the stem in need for revisions turned out to be a significant risk
factor for stem failure after 5 years of follow up of the MUTARS RS stem in our collective (100% (95% CI 100-100%) vs 83.4% (95% CI 70.1-96.7%) p = 0.04 log-rank test).

https://doi.org/10.1371/journal.pone.0233035.9004
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[5,30]. Modular tapered stems for a cementless distal fixation are the preferred method for hip
revision surgery in cases of major bone loss [7,22].

While this is a single-center, study using a single design modular implant only for aseptic
cases with a good mid- to long-term follow-up, there are several limitations to this study: It is
limited by its retrospective design with possible recall and selection bias and small numbers in
the group of cemented stems making comparison of these two fixation methods difficult with
the numbers available. Furthermore, given that there were only few failures we decided not to
do a multivariate analysis to potentially confirm the results found in univariate analysis.

We found a 90.4% survivorship free from stem revision after 3 and 5 years which is comparable
to other studies that report 82-96% mid to long-term survival [17,16,19,21,26]. Concurring with a
previous study, we were not able to identify patient-related factors such as age, sex, and obesity as
significant for implant survival [16]. Whereas a prior cementation of the stem turned out to be a
risk factor for LOS of the revision (p = 0.04) in our collective. To our knowledge, there is no study
that has discussed this association. While other study does not allow a more detailed identification
of the reasons for this finding, 4 out of 6 of these patients had type IIIb or worse bone loss that
needed to be addressed. This might be due to the fact that previous cementation was chosen
because of poor bone quality or to reconstruct an existing defect in the previous surgery. Further-
more, the complete removal of the previous cementation might have caused additional damage to
the host bone. In these cases, additional procedures such as impaction bone grafting [39,40] or
repeat cementation in an existing residually cemented medullary canal might be an option [41,42].

While modular systems offer a variety of surgical and biomechanical advantages [7,8,11],
modular junctions bear the risk of mechanical failure due to corrosion and fretting [11,13-15].
In our collective one case of mechanical failure regarding the stem-taper junction occurred
and had to be revised. The implant did not show any signs of corrosion. Retrospectively the
fixation failure could most likely be linked to a loosening of the connective screw possibly due
to deficient assembly of the parts. No case of stem or neck-fracture occurred. Nevertheless
patients certainly need to be counseled regarding this mode of failure particularly when other
risk factors such as obesity and lack of proximal bone support leading to increased bending
forces are present [43,44].

The functional outcome in our collective measured by a median HHS of 81 points at last
follow-up and significant improvement of 47 points (p<0.001) shows a comparable result to
previous studies [26]. Postoperative Harris Hip Scores show a similar distribution between 72
and 76 with an improvement from 25 to 37 points in the literature following revision with a
modular fluted tapered stem [16,18,19,26].

PJI after revision surgery is one of the main causes for implant failure, increases the risk for
further revisions and subsequent complications [21,45]. Despite the fact that every patient
underwent a preoperative diagnostic algorithm to identify a possible infection, we found a rel-
evant number of patients with unsuspected positive cultures (20.8%) in intraoperative samples.
While with the the numbers we had, intraoperative positive cultures were not associated with a
reduced implant survival which is in line with a previous study [46], the role of unsuspected
positive cultures in revision surgery of THA and TKA remains a topic of interest to further
studies. We recommend optimization of potential risk factors for PJI in every revision patient
such as BMI, diabetes and skin decolonisation and conduct a thorugh preoperative diagnostic
algorithm to rule out infection although this might not be universally possible [47].

Conclusion

A modular, hexagonal revision system can be successfully used in revision THA with very
good functional results and excellent survivorship even in cases of major bone defects of the
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proximal femur. While previous cementation might be a risk factor for stem revision, failure
of the modular components was rare, nonetheless both factors among others must be consid-
ered in planning and should be discussed with patients.
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