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Abstract

Introduction Modular femoral components allow for patient-specific restoration of hip joint geometry and the reconstruction
of extensive bone defects in revision total hip arthroplasty (THA); however, potential problems of modular implants such as
taper corrosion and the risk of implant fracture continue to be of concern. The aim of the present study was to evaluate the
clinical and radiological results of a cementless modular revision stem following revision surgery due to aseptic loosening
and periprosthetic fracture and to assess patient-reported outcome measures (PROMs) in these patients at mid-term follow-up.
Materials and methods In this study, a consecutive cohort of 75 patients who underwent primary revision THA at our institu-
tion using a modular cementless stem design (MRP-TITAN stem) was retrospectively evaluated at a mean follow-up of 7.7
years. Kaplan—Meier survivorship analyses were performed with revision of the femoral component for any reason as the
end point. The Harris-Hip Score, the UCLA Activity Score, the Forgotten Joint Score and the SF-12 Score were used for
clinical assessment. We used the Wilcoxon signed rank test to compare pre- and postoperative clinical scores.

Results Overall stem survival with the endpoint stem re-revision for any reason was 85.4% at a mean follow-up of 7.7 years
(range 2.4-14 years). Stem survival was 89.5% in the aseptic loosening group and 78.3% in the periprosthetic fracture group
with no statistically significant difference between both groups (p =0.107). One patient had to be revised due to taper frac-
ture. PROMs improved significantly up to the latest follow-up, and radiographic evaluation showed full osseointegration of
all stems in this cohort.

Conclusions Revision THA using a modular cementless titanium revision stem demonstrated adequate clinical and radiologi-
cal results at mid- to long-term follow-up in this cohort. Cementless revision stems are a useful treatment option to restore
the anatomy, especially in deformed hips and in complex revision hip arthroplasty. However, there are some significant dis-
advantages related to an increased risk of mechanical failure such as corrosion/fretting damage and implant fracture. Future
high-quality prospective studies with longer follow-up are necessary to confirm the supposed advantages.

Keywords Modularity - Hip revision arthroplasty - Implant fracture - Taper damage - MRP-Titan - Periprosthetic femoral
fractures - Aseptic loosening

Introduction

Total hip arthroplasty (THA) has proved to be an excellent
and reliable treatment option for end-stage osteoarthritis of
the hip with excellent long-term results [1]. The incidence of
patients undergoing primary THA has been constantly rising
in the past decades, and this tendency is expected to continue
in the future [2, 3]. The increase in primary THA results
in a higher burden of hip revision surgery. Multiple stud-
ies have evaluated epidemiological trends of failed modern
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hip replacements, and aseptic loosening and periprosthetic
femoral fractures are still among the most common reasons
for THA revision surgery in the long term [4].

Various theories have been presented to explain the cause
of aseptic loosening based on observational, experimental
and clinical studies [5]. One of the main mechanisms seems
to be the excess production of wear particles, triggering a
pro-inflammatory reaction with increased osteoclast dif-
ferentiation and macrophage activation which can lead to
periprosthetic osteolysis and implant failure [1]. Peripros-
thetic femoral fracture is another clinical important com-
plication after primary THA. These fractures are associated
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with poor clinical outcome, prolongated functional recovery
and a high mortality rate [6]. Among the risk factors for
periprosthetic femoral fractures are advanced age, osteopo-
rosis, rheumatoid arthritis and the use of cementless stems
in elderly patients [6, 7].

Different cementless modular and non-modular stem
designs are available for femoral reconstruction in revision
THA. Modular revision stems in THA allow to individually
reconstruct hip joint anatomy compromised by bone loss and
soft-tissue defects, in order to restore limb length, femoral
offset and hip joint stability [8]. Cementless femoral revi-
sion stems have become increasingly popular because they
provide the potential of long-term biologic implant fixation
[9]. Revision THA with conical fluted titanium stems was
originally described by Wagner in the 1980s [10, 11]. Axial
stability of the implant is achieved by driving the tapered
stem into the femoral diaphysis that has been prepared using
conical reamers. Longitudinal spines provide rotational sta-
bility. Originally being a monoblock design, the subsequent
addition of stem modularity improved the versatility of the
implant and its broader application in complex revision hip
arthroplasty [12—-14].

However, mechanical complications associated with stem
modularity such as taper fracture and tribocorrosion con-
tinue to be of concern [15-17]. There is a relative lack of
long-term follow-up studies investigating the clinical and
radiological outcome of cementless modular hip revision
systems [18]. Furthermore, data on patient-reported out-
come measures (PROMs) in patients following hip revision
surgery are scarce [19]. Therefore, the aim of the present
study was to assess the clinical and radiological results of
a modular hip revision system for the treatment of aseptic
femoral loosening and periprosthetic femoral fracture and to
assess patient-reported outcome measures (PROMs) in these
patients at mid- to long-term follow-up.

Materials and methods
Patient selection and study cohort

In this single-center study, we retrospectively reviewed data
from a consecutive cohort of 75 patients who underwent
femoral revision arthroplasty using the cementless MRP-
TITAN hip revision system (Peter Brehm GmbH, Weisen-
dorf, Germany) at our institution. Inclusion criteria were
patients with primary femoral revision surgery due to aseptic
loosening (group AL, 51 patients, 68%) or periprosthetic
fracture (group PF, 24 patients, 32%) using a cementless
modular femoral revision stem with a minimum follow-up
of 24 months. In the AL group, bone defects were classi-
fied according to the AAOS classification system of femoral
bone deficiencies for revision hip arthroplasty, which was
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first proposed by D'Antonio et al. and later adopted by the
American Academy of Orthopedic Surgeons (AAOS) [20].
The AAOS system classifies defects into segmental (loss of
supporting cortical bone) and cavitary (loss of cancellous
medullary bone) deficiencies and divides them into six dif-
ferent types (T1-6). Type I (segmental defects) describes
a loss of bone of the supporting shell of the femur. Type 11
defects (cavitary defect) comprise a loss of endosteal bone
with an intact cortical shell. Type III (combined defects)
is a combination of a type I (segmental defect) and type
II (cavitary defect) deficiency. Type IV defects (malalign-
ment) are defined as a loss of the normal femoral geometry
due to prior surgery, trauma or disease. Type V deficiencies
(stenosis) describe an obliteration of the femoral canal due
to trauma, previous fixation devices or bone hypertrophy,
and type VI defects (femoral discontinuity) are character-
ized by the loss of femoral integrity as a consequence of
fracture or non-union [20]. The letter H further describes
the localization of the defect (H1 defects are located above
the inferior border of the lesser trochanter, H2 defects are
located within the first 10 cm below the lesser trochanter,
and H3 defects are located below the first 10 cm distally to
the lesser trochanter). Periprosthetic femoral fractures were
classified using the Vancouver classification system intro-
duced by Duncan and Masri [21, 22]. It is currently the most
widely used classification system for periprosthetic femoral
fractures. The classification includes the anatomical loca-
tion of the fracture in relation to the stem, the fixation sta-
tus of the stem and the quality of the remaining bone stock
[23]. The national research committee approved the study
(S-454/2014), and written informed consent was obtained
from all patients before study enrolment.

Implant design

The modular MRP-TITAN stem (Peter Brehm GmbH,
Weisendorf, Germany) was used in all patients. The com-
ponent is made of titanium alloy (Ti6A17Nb) and is designed
for cementless diaphyseal press-fit fixation [24, 25]. Essen-
tially, the modularity of the implant consists of (1) the dis-
tally tapered femoral stem with longitudinal parabolic ribs
(available lengths of 80, 140, 200, 260, 320 mm); (2) an
optional extension sleeve and (3) three different neck models
with a standard 12/14-mm taper. The neck components are
available with different neck-stem angles of 130° (37-mm
offset) and 123° (47-mm offset). All components are locked
in situ with a special proximal expansion bolt [26].

Clinical and radiographic follow-up
Clinical assessment was performed using the Harris-Hip

Score (HHS), the UCLA Activity Score (UCLA), the For-
gotten Joint Score (FJS) and the SF-12 Score [27]. Two
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summary scores are reported from the SF-12 score—a
mental component score (MCS-12) and a physical com-
ponent score (PCS-12). Stem revision was defined as any
replacement of one or more of the three components of the
MRP-Titan stem (the distal femoral stem and/or the exten-
sion sleeve and/or the neck component). Reoperation was
defined as any operation without replacement of one of the
before-mentioned components. Standard anteroposterior and
lateral radiographs of the hip were evaluated with regard to
radiolucencies, osteolysis and implant migration up to the
latest follow-up. The radiographs were assessed by two inde-
pendent orthopedic surgeons specialized in THA (D.S. and
T.R.). Radiolucencies and osteolysis were evaluated accord-
ing to the zones established by Gruen et al. [28]. Axial
implant migration (subsidence) was measured using fixed
landmarks of the prosthesis (such as the modular junction)
and fixed anatomical landmarks such as the inter-teardrop
line. Implants showing progressive axial migration of more
than 5 mm [29], progressive signs of osteolysis or complete
periprosthetic radiolucency were classified as loosened.
Periarticular ossification was evaluated using the criteria
described by Brooker et al. [30].

Statistical analysis

Exploratory data analysis was used to describe demographic
data as mean values with ranges and standard deviations
(SD). Continuous data were checked for normal distribution
and equal variances. When categorial non-dichotomous vari-
ables were to be assessed, Mann—Whitney’s U test was used.
We used the Wilcoxon signed rank test to compare pre- and
postoperative clinical scores and to compare the score val-
ues between the AL group and the PF group. Kaplan—Meier
survivorship analyses were performed with revision of the
femoral component for any reason as the end point. Log-
rank test was used to differentiate the survival rates between

groups. p Values <(0.05 were considered as statistically sig-
nificant. SPSS® version 26.0 (IBM SPSS Statistics, IBM,
Armonk, NY, USA) was used to record and analyze all data.

Results
Patient cohort

Figure 1 summarizes the clinical follow-up and patient
flowchart.

Of the original cohort (n="75), seven patients (9.3%) were
lost to FU (address unknown/foreign country: six patients;
death without any information about the stem: 1 patient).
Fifteen patients (20.0%) had died from unrelated causes,
none of whom had a stem revision at the time of death. From
the remaining 53 patients, nine patients (12.0%) underwent
stem revision and eight patients (10.7%) refused to partici-
pate in the study. All of these patients reported absence of a
previous revision surgery. Complete clinical and radiological
follow-up data were available in 36 patients at a mean fol-
low-up of 7.7 years (SD 2.7; range 2.4—-14.0 years). Table 1
shows patients’ characteristics and demographic data of the
study cohort.

Survival analysis

In summary, the cumulative survival rate at 8 years with the
endpoint stem revision for any reason was 85.4% (95% con-
fidence interval 73.5-92.2). At the most recent follow-up,
nine patients of the study cohort have had a revision surgery
of the stem. Four patients of the group AL (n=45) and five
patients of the group PF (n=23) underwent stem revision.
In group AL, stem survival was 89.5% at 8 years (95% con-
fidence interval 74.0-96.0). In group PF, stem survival was

Revision of grimary hip replagement
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Fig. 1 Clinical trial profile and patient flowchart
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Table 1 Patient’s characteristics of the cohort with clinical and radiographic FU

Parameter Overall Aseptic loosening Periprosthetic fracture
n 36 28 8
Gender (f/m) 20/16 15/13 5/3
Age [mean, standard deviation (SD); 65.9 (SD 10.1; r 45-84) 64.6 (SD 10.6; r 45-82) 70.4 (SD 7.2; r 63-84)
range (r)]
BMI [mean, standard deviation (SD);  27.3 (SD 5.5; r 20.3-43.6) 27.2 (SD 4.8; r 20.3-38.5) 27.8 (SD 8.0; r 20.3-43.6)
range (r)]
ASA classification
1 3 3 0
2 16 11 5
3 17 14 3

Mean latest FU [standard deviation
(SD); range (1] 7.7 years (SD 2.7; r 2.4-14.0)
Vancouver class
AL
B2
B3
C
AAOS class
T2HI
T2H2
T2H3
T3H2
T3H3
T4H3

92.0 months (SD 32.5; r 29-168)

94.7 months (SD 35.7; r 29-168)
7.9 years (SD 3.0; r 2.4-14.0)

82.1 months (SD 15.8; r 61-105)
6.8 years (SD 1.2; 5.1-8.8)

1(12.5%)
5(62.5%)
1(12.5%)
1(12.5%)

2 (7.1%)

7 (25.0%)

8 (28.6%)

6 (21.4%)

4 (14.3%)

1(3.6%)

78.3% at 8 years (95% confidence interval 55.4-90.3) (see
Fig. 2).

There was no statistically significant difference regard-
ing implant survival between both groups (p=0.107). The
reasons for revision surgery were deep infection (n=35),
periprosthetic femoral fracture (n=1), implant fracture
(n=1), progressive subsidence (n=1) and luxation (n=1).

Five patients (6.7%) had a reoperation without revi-
sion of the stem. The reasons for reoperation were deep
infection (n=1) and aseptic loosening of the cup (n=3).
Another patient suffered a periprosthetic fracture without

Survival (Total)

Survival (Aseptic loosening)

stem loosening (Vancouver type B1) after 4 years. An angle-
stable plate osteosynthesis in combination with wire cer-
clages without stem revision was performed due to a fully
osseointegrated stem.

Five different surgeons performed all the operations. All
surgeons were certified senior physicians.

Patient-reported outcome measures

A preoperative HHS was only available in the AL group.
Clinical examination showed a statistically significant

Survival (Periprosthetic Fracture)

Follow-Up [months]

Fig.2 Cumulative survival with the endpoint stem revision for any reason
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improvement in the HHS in group AL from 42.7 (SD
21.0, range 9-89) points preoperatively to 73.2 (SD 19.3,
range 27-96) points postoperatively (p <0.001). The HHS
in group PF was 70.13 (SD 21.52, range 38—100) points
postoperatively. There was no significant difference in
HHS postoperatively between the two groups (p =0.695).
Mean postoperative FIS was 57.81 (SD 32.39, range
4.20-100.00) points in group AL and 50.88 (SD 23.94,
range 11.4-91.7) points in group PF. There was no sig-
nificant difference between the two groups (p =0.588).
Median postoperative UCLA was 5.00 points (SD 1.79,
range 2-9) in group AL and 4.00 points (SD 2.2, range
2-9) in group PF. There was no significant difference
between the two groups (p =0.358).

Mean postoperative PCS-12 was 39.63 (SD 10.48,
range 18.78-55.19) points in group AL and 36.76 (SD
12.63, range 18.43-56.68) points in group PF. There
was no significant difference between the two groups
(p =0.588). Mean postoperative MCS-12 was 52.47 (SD
9.00, range 33.25-68.49) points in group AL and 51.89
(SD 7.19, range 44.55-62.90) points in group PF. There
was no significant difference between the two groups
(p=0.808). The results of clinical evaluation and post-
operative patient-reported outcome measures are sum-
marized in Table 2.

Radiographic evaluation

Radiographic evaluation showed full osseointegration of
the stem in all cases at latest follow-up with no signs
of implant loosening. Periprosthetic radiolucencies were
demonstrated in nine cases (25%) that were predominantly
located in the proximal Gruen zones (zone 1, 2, 6 and 7).
Axial implant migration of <2 mm was seen in two cases
(6%), and initial migration of 5 mm was seen in one case
(3%). Migration occurred during the first 6 weeks after
surgery in all cases with no further implant migration
until the latest FU representing initial settling of the stem.
At most recent follow-up, all periprosthetic fractures had
achieved radiographic union. Periarticular ossifications
were documented in 16 cases (44%) (Brooker 1 n=6,
Brooker 2 n=>5, Brooker 3 n=5).

Discussion

Modular stem designs are versatile and offer the oppor-
tunity to restore patient’s individual hip joint geometry
and the possibility to reconstruct extensive bone defects
in complex femoral revision surgery [31]. On the down-
side, modular taper junctions are susceptible to fretting
corrosion and fatigue damage which might lead to metal
wear and implant failure in the long term. According to
the Australian Orthopaedic Association National Joint
Replacement Registry of 2019, femoral stems with modu-
lar necks have almost twice the rate of revision compared
to fixed neck stems [32]. The aim of the current study
was to investigate the clinical and radiological mid- to
long-term results of a cementless modular titanium stem in
revision THA due to aseptic loosening and periprosthetic
femoral fracture.

The findings of our study demonstrated good clinical
results for the modular cementless revision stem with an
overall implant survival of 85% after 8 years. Implant sur-
vival seems lower than standard non-modular femoral revi-
sion stems; however, since modular stems are mainly used
in deformed hips and in complex revision hip arthroplasty,
a direct comparison between different patient cohorts has
various limitations [33, 34]. One of the major concerns
with modular stem designs is fretting corrosion and fatigue
damage at the modular junctions that can ultimately lead
to material fracture at the femoral component as described
by Konan et al. [35]. The incidence of this complication is
relevant and the risk increases in patients with a high BMI,
a high level of activity, a small medullary canal and in
those with severe bone loss in the proximal Gruen zones,
which results in a predominantly diaphyseal implant fixa-
tion [35]. Garbuz et al. [13] showed one-stem fracture
at the modular junction of 31 femoral revisions with a
modular distal-fixation fluted tapered stem. This compli-
cation was also reported in association with monoblock
stem designs intended for distal fixation [36]. Bischel et al.
reported four patients with fracture of the taper connec-
tion between the stem and the neck after an average of 4.3
years after implantation of the same modular stem system
(absolute risk rate of 4.5%; 4 out of 89) [37]. The use of

Table 2 Postoperative patient-
reported outcome measures
(PROMs), comparison of the

group AL vs. group PF

PROMs Aseptic loosening Periprosthetic fracture p-Value
n=28 n=8

Harris-hip score 73.2 (SD 19.3) 70.13 (SD 21.52) p=0.695

Forgotten joint score 57.81 (SD 32.39) 50.88 (SD 23.94) p=0.588

UCLA activity scale 5.0 (SD 1.79) 4.0 (SD 2.2) p=0.358

SF-12 physical health 39.6 (SD 10.3) 36.8 (SD 11.8) p=0.588

SF-12 mental health 52.5(SD 8.8) 519 (SD 6.7) p=0.808
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lateralized offset necks in obese patients showed a signifi-
cantly higher risk of fracture [37]. In contrast, Valtanen
et al. [38] reported no modular junction complications
in 89 cases with a similar implant at long-term follow-
up (> 14 years). In our cohort, one patient (absolute rate
1.3%) required revision due to an implant fracture (see
Fig. 3), which also occurred 5.3 years after implantation
at the modular junction between the neck and the stem.
This patient met the above-mentioned risk factors with
a BMI of 31 kg/m? and an AAOS classification of T2H2.
In this case, a short neck version with a lateralized offset
was used. This confirms the findings of other authors that a
short-length modular neck segment with lateralized offset
should be chosen with caution in obese patients due to the
biomechanical forces acting at the modular junction [39].
It is well known that revision THA is associated with a
significantly poorer functional outcome compared to pri-
mary THA [40]. However, only few studies have evaluated
the clinical outcome of complex femoral revision surgery
with modular stems using patient-reported outcome meas-
ures (PROM). The findings of our study suggest sufficient
clinical long-term results for femoral revision THA using a
modular cementless titanium stem. Previous studies have
shown significant differences in reported outcome measures
subject to the indication for revision. Turnbull et al. assessed
132 revision THAs (n=59 AL, n=9 PF) at a mean follow-
up of 7.9 years postoperatively. They reported significantly
better results of mean postoperative OHS and UCLA activity
scores in patients who underwent revision THA for aseptic
loosening (OHS 23.9 and UCLA activity score 6.0) as com-
pared to those who were revised for periprosthetic fracture
or dislocation (OHS 18.0 and UCLA activity score 5.5) [41].

i, T

Fig.3 Pelvic radiograph demonstrating implant fracture at the junc-
tion between the neck component and the stem 5.3 years after implan-
tation (left side). A 16 X 140 mm stem with a short-length neck
segment and a lateralized offset was used in this patient. Notice the
extensive osteolysis around the stem in the proximal Gruen zones.
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In our study, mean results of HHS, UCLA Activity Score,
FIS and the SF-12 Score were also higher in the AL group
compared to the PF group, but no statistically significant
difference was seen between both groups.

Harada et al. [40] assessed postoperative PROM (UCLA,
PCS-12, MCS-12, RCS-12, satisfaction and OHS) in 46
patients who underwent revision THA due to aseptic loos-
ening. Mean postoperative UCLA score in this cohort was
4.5+ 1.5, mean PCS-12 was 46.2+12.2, and mean MCS-
12 was 55.3 +9.8 points. These results are comparable to
our results. Abdel et al. [42] reported a mean postopera-
tive HHS of 83 points after revision THA using a modular
fluted, tapered stem in 44 patients at a mean FU of 4.5 years.
Follow-up duration and mean postoperative HHS were com-
parable to our results.

The survival rate following revision THA seems to be
dependent on the indication for the revision. Valtanen
et al. [38] demonstrated a survival rate of 85.8% following
revision THA using a modular, cementless femoral stem at
long-term follow-up (> 14 years). The indications in this
study for femoral revision were aseptic loosening, infec-
tion and periprosthetic fracture. In particular, THA revi-
sion due to periprosthetic fracture seems to be associated
with a lower survival rate [43] and a higher frequency of
postoperative complications compared to THA revisions
due to aseptic loosening [44, 45]. Cnudde et al. [43] inves-
tigated the relative survival of patients undergoing revi-
sion surgery following elective THA in an observational
cohort study. The authors reported a significantly lower
relative survival rate following revision due to peripros-
thetic fracture (0.56) compared to aseptic loosening (0.96)
at 10-year follow-up. In our study the survival rate at 8

Femoral revision was performed with the use of a 17 X 140 mm
MRP-Titan stem and a medium-size neck segment with lateralized
offset. Follow-up radiograph 7 years after stem re-revision shows full
osteointegration of the stem and complete reossification of the oste-
olysis (right side)
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years following revision THA due to periprosthetic frac-
ture was also lower compared to the survival rate due to
aseptic loosening (78.3% vs. 89.5%), but the difference
was not statistically significant between these two groups.

The goals of treating periprosthetic fractures include
fracture healing and a stable long-term implant fixation
[46]. Abdel et al. noted a union rate of 98% (43 of 44
fractures) by using a modular fluted, tapered stem for Van-
couver B2 and B3 periprosthetic fractures (follow-up 4.5
years). At a mean follow-up of 4.8 years, Park et al. [47]
reported a 92.6% union rate in 27 Vancouver B2 and B3
periprosthetic femoral fractures treated with a modular
fluted, tapered stem. Similarly, Mulay et al. noted 91%
union rate [48]. Our results confirm that modular fluted,
tapered stems provide a high rate of fracture union and
implant stability for periprosthetic fractures.

There are some limitations to this study that have to be
acknowledged. First, the study is limited by its retrospec-
tive design and by the number of patients that could be
included in the present study. This was mainly attributed
to the fact that femoral revision surgery with the necessity
of using a cementless modular stem overall is a relatively
rare indication at our institution. In addition, 33% of the
patients with periprosthetic fracture were already deceased
at the time of follow-up, which reflects the severity and
high mortality of this injury. Nevertheless, the small sam-
ple size of eight patients, who were available in the PF
group at the last follow-up for clinical and radiological
assessment, limits the statistical power to detect signifi-
cant differences regarding patient-reported outcome scores
between the two groups. Secondly, the study was limited
by the follow-up duration with a mean FU of 8§ years. A
longer follow-up would be helpful to investigate the long-
term survival of cementless modular revision stems, espe-
cially because implant fracture due to mechanical failure
and fatigue damage might occur at a later point of time.
Therefore, additional follow-up studies with longer follow-
up durations into the second decade would be helpful to
confirm the results of our study and to further evaluate the
potential risks and benefits of stem modularity.

In summary, revision total hip arthroplasty with
cementless diaphyseal fixation using a modular cement-
less revision stem demonstrated adequate clinical results
and expected survival rates at mid- to long-term follow-
up in this cohort. According to the results of our study,
a titanium revision stem is a useful treatment option to
restore the anatomy in complex revision hip arthroplasty.
However, potential problems associated with modular stem
designs such as corrosion damage and implant fracture
should be further investigated in future studies with longer
follow-up duration into the second decade.

Author contributions All authors contributed to the study conception
and design. Material preparation, data collection and analysis were
performed by DSp, DSk, JR, SK, CM, TW, TR and TR. The first draft
of the manuscript was written by DSp, and all authors commented on
previous versions of the manuscript. All authors read and approved
the final manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL. This study received financial support (20,000 €) from Peter
Brehm GmbH, Weisendorf, Germany. The funder did not play any role
in the design of the study, the collection, analysis and interpretation of
data, or in writing of the manuscript.

Data availability The datasets used and/or analysed during the cur-
rent study are available from the corresponding author on reasonable
request.

Declarations

Conflict of interest Tobias Renkawitz has received research support
and personal fees from ArbeitsgemeinschaftEndoprothetik (AE),
DGOU, DGOOC; BVOU, DePuy International, Otto Bock Founda-
tion, Deutsche Arthrose Hilfe, Aesculap, Zimmer, German Research
Foundation (DFG), Stiftung Oskar Helene Heim Berlin, Vielberth
Foundation Regensburg, the German Ministry of Education and Re-
search as well as the German Federal Ministry of Economic Coopera-
tion and Development. He is Medical Director and Chair at the Ortho-
paedic Department at Heidelberg University Hospital, board member
of the German Society for Orthopaedics and Trauma (DGOOC) and
vice president of the Professional Association of Orthopaedic Special-
ists and Trauma Surgeons (BVOU). All other authors declare that they
have no conflicts of interest.

Ethical approval The Ethics Committee of the Medical University of
Heidelberg has approved the study (S-454/2014).

Consent for publication The manuscript does not contain any indi-
vidual person’s data in any form.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Karachalios T, Komnos G, Koutalos A (2018) Total hip arthro-
plasty: survival and modes of failure. EFORT Open Rev 3:232—
239. https://doi.org/10.1302/2058-5241.3.170068

2. Kurtz SM, Ong KL, Schmier J, Mowat F, Saleh K, Dybvik E,
Karrholm J, Garellick G, Havelin LI, Furnes O, Malchau H, Lau
E (2007) Future clinical and economic impact of revision total hip
and knee arthroplasty. ] Bone Joint Surg Am 89(Suppl 3):144—
151. https://doi.org/10.2106/JBJS.G.00587

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1302/2058-5241.3.170068
https://doi.org/10.2106/JBJS.G.00587

1376

Archives of Orthopaedic and Trauma Surgery (2024) 144:1369-1377

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Thien TM, Chatziagorou G, Garellick G, Furnes O, Havelin LI,
Makela K, Overgaard S, Pedersen A, Eskelinen A, Pulkkinen P,
Karrholm J (2014) Periprosthetic femoral fracture within two
years after total hip replacement: analysis of 437,629 operations
in the nordic arthroplasty register association database. J] Bone
Joint Surg Am 96:e167. https://doi.org/10.2106/IBJS.M.00643
Scalici G, Boncinelli D, Zanna L, Buzzi R, Antonucci L, Di Maida
F, De Biase P (2022) Periprosthetic femoral fractures in total hip
arthroplasty (THA): a comparison between osteosynthesis and
revision in a retrospective cohort study. BMC Musculoskelet Dis-
ord 23:200. https://doi.org/10.1186/s12891-022-05159-2

Jiang Y, Jia T, Wooley PH, Yang SY (2013) Current research
in the pathogenesis of aseptic implant loosening associated with
particulate wear debris. Acta Orthop Belg 79:1-9

Sidler-Maier CC, Waddell JP (2015) Incidence and predispos-
ing factors of periprosthetic proximal femoral fractures: a litera-
ture review. Int Orthop 39:1673-1682. https://doi.org/10.1007/
$00264-015-2721-y

Lindahl H (2007) Epidemiology of periprosthetic femur fracture
around a total hip arthroplasty. Injury 38:651-654. https://doi.org/
10.1016/j.injury.2007.02.048

Marfo KA, Berend KR, Morris MJ, Adams JB, Lombardi AV
Jr (2019) Mid-term results of modular tapered femoral stems in
revision total hip arthroplasty. Surg Technol Int 35:295-300
Malhotra R, Dua A, Kiran EK, Bhan S (2008) Femoral revi-
sion using long hydroxyapatite-coated interlocking stem. Arch
Orthop Trauma Surg 128:355-362. https://doi.org/10.1007/
s00402-007-0334-7

Wagner H (1987) Revision prosthesis for the hip joint in severe
bone loss. Orthopade 16:295-300

Wagner H (1989) A revision prosthesis for the hip joint. Ortho-
pade 18:438-453

Munro JT, Garbuz DS, Masri BA, Duncan CP (2014) Tapered
fluted titanium stems in the management of Vancouver B2 and B3
periprosthetic femoral fractures. Clin Orthop Relat Res 472:590—
598. https://doi.org/10.1007/s11999-013-3087-3

Garbuz DS, Toms A, Masri BA, Duncan CP (2006) Improved out-
come in femoral revision arthroplasty with tapered fluted modular
titanium stems. Clin Orthop Relat Res 453:199-202. https://doi.
org/10.1097/01.b10.0000238875.86519.cf

Kwong LM, Miller AJ, Lubinus P (2003) A modular distal fixation
option for proximal bone loss in revision total hip arthroplasty: a
2- to 6-year follow-up study. J Arthroplasty 18:94-97. https://doi.
org/10.1054/arth.2003.50083

Mertl P, Dehl M (2020) Femoral stem modularity. Orthop Trau-
matol Surg Res 106:S35-S42. https://doi.org/10.1016/j.0tsr.2019.
05.019

Barrack RL, Burke DW, Cook SD, Skinner HB, Harris WH (1993)
Complications related to modularity of total hip components. J
Bone Joint Surg Br 75:688-692. https://doi.org/10.1302/0301-
620X.75B5.8376421

Brown SA, Flemming CA, Kawalec JS, Placko HE, Vassaux C,
Merritt K, Payer JH, Kraay MJ (1995) Fretting corrosion acceler-
ates crevice corrosion of modular hip tapers. J Appl Biomater
6:19-26. https://doi.org/10.1002/jab.770060104

Hoberg M, Konrads C, Engelien J, Oschmann D, Holder M,
Walcher M, Rudert M (2015) Outcome of a modular tapered
uncemented titanium femoral stem in revision hip arthro-
plasty. Int Orthop 39:1709-1713. https://doi.org/10.1007/
500264-015-2699-5

Bansback N, Trenaman L, MacDonald KV, Hawker G, Johnson
JA, Stacey D, Marshall DA (2019) An individualized patient-
reported outcome measure (PROM) based patient decision aid
and surgeon report for patients considering total knee arthro-
plasty: protocol for a pragmatic randomized controlled trial.

@ Springer

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

BMC Musculoskelet Disord 20:89. https://doi.org/10.1186/
$12891-019-2434-2

D’Antonio J, McCarthy JC, Bargar WL, Borden LS, Cappelo
WN, Collis DK, Steinberg ME, Wedge JH (1993) Classification
of femoral abnormalities in total hip arthroplasty. Clin Orthop
Relat Res 296:133-139

Duncan CP, Masri BA (1995) Fractures of the femur after hip
replacement. Instr Course Lect 44:293-304

Brady OH, Garbuz DS, Masri BA, Duncan CP (1999) Classifica-
tion of the hip. Orthop Clin North Am 30:215-220. https://doi.
org/10.1016/s0030-5898(05)70076-6

Baum C, Leimbacher M, Kriechling P, Platz A, Cadosch D
(2019) Treatment of periprosthetic femoral fractures Vancou-
ver type B2: revision arthroplasty versus open reduction and
internal fixation with locking compression plate. Geriatr Orthop
Surg Rehabil 10:2151459319876859. https://doi.org/10.1177/
2151459319876859

Mumme T, Muller-Rath R, Weisskopf M, Andereya S, Neuss
M, Wirtz DC (2004) The cement-free modular revision pros-
thesis MRP-hip revision stem prosthesis in clinical follow-
up. Z Orthop Ihre Grenzgeb 142:314-321. https://doi.org/10.
1055/5-2004-822795

Wirtz DC, Heller KD, Holzwarth U, Siebert C, Pitto RP, Zeiler
G, Blencke BA, Forst R (2000) A modular femoral implant for
uncemented stem revision in THR. Int Orthop 24:134-138.
https://doi.org/10.1007/s002640000135

Wirtz DC, Gravius S, Ascherl R, Thorweihe M, Forst R, Noeth
U, Maus UM, Wimmer MD, Zeiler G, Deml MC (2014) Unce-
mented femoral revision arthroplasty using a modular tapered,
fluted titanium stem: 5- to 16-year results of 163 cases. Acta
Orthop 85:562-569. https://doi.org/10.3109/17453674.2014.
958809

Ware J Jr, Kosinski M, Keller SD (1996) A 12-Item Short-Form
Health Survey: construction of scales and preliminary tests of
reliability and validity. Med Care 34:220-233. https://doi.org/10.
1097/00005650-199603000-00003

Gruen TA, McNeice GM, Amstutz HC (1979) “Modes of failure”
of cemented stem-type femoral components: a radiographic analy-
sis of loosening. Clin Orthop Relat Res. https://doi.org/10.1097/
00003086-197906000-00002

Wimmer MD, Randau TM, Deml MC, Ascherl R, Noth U, Forst
R, Gravius N, Wirtz D, Gravius S (2013) Impaction grafting in
the femur in cementless modular revision total hip arthroplasty: a
descriptive outcome analysis of 243 cases with the MRP-TITAN
revision implant. BMC Musculoskelet Disord 14:19. https://doi.
org/10.1186/1471-2474-14-19

Brooker AF, Bowerman JW, Robinson RA, Riley LH Jr (1973)
Ectopic ossification following total hip replacement. Incidence and
a method of classification. ] Bone Joint Surg Am 55:1629-1632
Rieger B, Ilchmann T, Bolliger L, Stoffel KK, Zwicky L, Clauss
M (2018) Mid-term results of revision total hip arthroplasty with
an uncemented modular femoral component. Hip Int 28:84-89.
https://doi.org/10.5301/hipint.5000522

Australian Orthopaedic Association National Joint Replacement
Registry (AOANJRR) (2019) Hip, knee & shoulder arthroplasty:
2019 annual report. AOA, Adelaide

Makani A, Kim TW, Kamath AF, Garino JP, Lee GC (2014) Out-
comes of long tapered hydroxyapatite-coated stems in revision
total hip arthroplasty. J Arthroplasty 29:827-830. https://doi.org/
10.1016/j.arth.2013.08.018

Reikeras O, Gunderson RB (2006) Excellent results with femoral
revision surgery using an extensively hydroxyapatite-coated stem:
59 patients followed for 10-16 years. Acta Orthop 77:98-103.
https://doi.org/10.1080/17453670610045759

Konan S, Garbuz DS, Masri BA, Duncan CP (2016) Modular
tapered titanium stems in revision arthroplasty of the hip: the risk


https://doi.org/10.2106/JBJS.M.00643
https://doi.org/10.1186/s12891-022-05159-2
https://doi.org/10.1007/s00264-015-2721-y
https://doi.org/10.1007/s00264-015-2721-y
https://doi.org/10.1016/j.injury.2007.02.048
https://doi.org/10.1016/j.injury.2007.02.048
https://doi.org/10.1007/s00402-007-0334-7
https://doi.org/10.1007/s00402-007-0334-7
https://doi.org/10.1007/s11999-013-3087-3
https://doi.org/10.1097/01.blo.0000238875.86519.cf
https://doi.org/10.1097/01.blo.0000238875.86519.cf
https://doi.org/10.1054/arth.2003.50083
https://doi.org/10.1054/arth.2003.50083
https://doi.org/10.1016/j.otsr.2019.05.019
https://doi.org/10.1016/j.otsr.2019.05.019
https://doi.org/10.1302/0301-620X.75B5.8376421
https://doi.org/10.1302/0301-620X.75B5.8376421
https://doi.org/10.1002/jab.770060104
https://doi.org/10.1007/s00264-015-2699-5
https://doi.org/10.1007/s00264-015-2699-5
https://doi.org/10.1186/s12891-019-2434-2
https://doi.org/10.1186/s12891-019-2434-2
https://doi.org/10.1016/s0030-5898(05)70076-6
https://doi.org/10.1016/s0030-5898(05)70076-6
https://doi.org/10.1177/2151459319876859
https://doi.org/10.1177/2151459319876859
https://doi.org/10.1055/s-2004-822795
https://doi.org/10.1055/s-2004-822795
https://doi.org/10.1007/s002640000135
https://doi.org/10.3109/17453674.2014.958809
https://doi.org/10.3109/17453674.2014.958809
https://doi.org/10.1097/00005650-199603000-00003
https://doi.org/10.1097/00005650-199603000-00003
https://doi.org/10.1097/00003086-197906000-00002
https://doi.org/10.1097/00003086-197906000-00002
https://doi.org/10.1186/1471-2474-14-19
https://doi.org/10.1186/1471-2474-14-19
https://doi.org/10.5301/hipint.5000522
https://doi.org/10.1016/j.arth.2013.08.018
https://doi.org/10.1016/j.arth.2013.08.018
https://doi.org/10.1080/17453670610045759

Archives of Orthopaedic and Trauma Surgery (2024) 144:1369-1377

1377

36.

37.

38.

39.

40.

41.

42.

43.

and causes of stem fracture. Bone Joint J 98B:50-53. https://doi.
org/10.1302/0301-620X.98B1.36442

Crowninshield RD, Maloney WJ, Wentz DH, Levine DL (2004)
The role of proximal femoral support in stress development within
hip prostheses. Clin Orthop Relat Res 420:176-180. https://doi.
org/10.1097/00003086-200403000-00024

Bischel OE, Suda AJ, Bohm PM, Bormann T, Jager S, Seeger JB
(2023) Breakage of tapered junctions of modular stems in revision
total hip arthroplasty-high incidence in a consecutive series of a
single institution. Bioengineering (Basel). https://doi.org/10.3390/
bioengineering 10030341

Valtanen RS, Hwang KL, Amanatullah DF, Huddleston JI 3rd,
Maloney WJ, Goodman SB (2022) Revision hip arthroplasty
using a modular, cementless femoral stem: long-term follow-up.
J Arthroplasty. https://doi.org/10.1016/j.arth.2022.12.018

Huber G, Morlock MM (2022) Which length should the neck seg-
ment of modular revision stems have? Clin Biomech 94:105286

Harada S, Hamai S, Shiomoto K, Hara D, Fujii M, Ikemura S,
Motomura G, Nakashima Y (2021) Patient-reported outcomes
after primary or revision total hip arthroplasty: a propensity score-
matched Asian cohort study. PLoS ONE 16:€0252112. https://doi.
org/10.1371/journal.pone.0252112

Turnbull GS, Scott CEH, MacDonald DJ, Breusch SJ (2019)
Return to activity following revision total hip arthroplasty. Arch
Orthop Trauma Surg 139:411-421. https://doi.org/10.1007/
500402-018-3090-y

Abdel MP, Lewallen DG, Berry DJ (2014) Periprosthetic
femur fractures treated with modular fluted, tapered stems.
Clin Orthop Relat Res 472:599-603. https://doi.org/10.1007/
$11999-013-2936-4

Cnudde P, Bulow E, Nemes S, Tyson Y, Mohaddes M, Rolfson O
(2019) Association between patient survival following reoperation

Authors and Affiliations

44,

45.

46.

47.

48.

after total hip replacement and the reason for reoperation: an anal-
ysis of 9,926 patients in the Swedish Hip Arthroplasty Register.
Acta Orthop 90:226-230. https://doi.org/10.1080/17453674.2019.
1597062

Lindahl H, Malchau H, Herberts P, Garellick G (2005) Peripros-
thetic femoral fractures classification and demographics of 1049
periprosthetic femoral fractures from the Swedish National Hip
Arthroplasty Register. J Arthroplasty 20:857-865. https://doi.org/
10.1016/j.arth.2005.02.001

Lindahl H, Garellick G, Regner H, Herberts P, Malchau H (2006)
Three hundred and twenty-one periprosthetic femoral fractures.
J Bone Joint Surg Am 88:1215-1222. https://doi.org/10.2106/
JBJS.E.00457

Garbuz DS, Masri BA, Duncan CP (1998) Periprosthetic frac-
tures of the femur: principles of prevention and management. Instr
Course Lect 47:237-242

Park MS, Lim YJ, Chung WC, Ham DH, Lee SH (2009) Manage-
ment of periprosthetic femur fractures treated with distal fixation
using a modular femoral stem using an anterolateral approach. J
Arthroplasty 24:1270-1276. https://doi.org/10.1016/j.arth.2009.
07.013

Mulay S, Hassan T, Birtwistle S, Power R (2005) Management
of types B2 and B3 femoral periprosthetic fractures by a tapered,
fluted, and distally fixed stem. J Arthroplasty 20:751-756. https://
doi.org/10.1016/j.arth.2004.11.020

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

David Spranz' - David Skrobek' - Jannis Randoll? - Stefan Kinkel® - Christian Merle®* - Tilman Walker' -
Tobias Renkawitz' - Tobias Reiner’

>

Tobias Reiner
Tobias.Reiner@med.uni-heidelberg.de

David Spranz
David.Spranz@med.uni-heidelberg.de

David Skrobek
d.skrobek @t-online.de

Jannis Randoll
dr.randoll-darmstadt @web.de

Stefan Kinkel
kinkel @sportklinik.de

Christian Merle
christian.merle @diak-stuttgart.de

Tilman Walker
Tilman.Walker @med.uni-heidelberg.de

Tobias Renkawitz
Tobias.Renkawitz@med.uni-heidelberg.de

Department of Orthopaedics, Heidelberg University
Hospital, Schlierbacher Landstrae 200 a, 69118 Heidelberg,
Germany

Orthopaedicum Darmstadt, Rheinstraf3e 19,
64283 Darmstadt, Germany

ARCUS Sportklinik Pforzheim, Rastatterstraie 17-19,
75179 Pforzheim, Germany

Department of Orthopedic and Trauma Surgery,
Paulinenhilfe, Diakonieklinikum Stuttgart, Rosenbergstrafie
38, 70192 Stuttgart, Germany

@ Springer


https://doi.org/10.1302/0301-620X.98B1.36442
https://doi.org/10.1302/0301-620X.98B1.36442
https://doi.org/10.1097/00003086-200403000-00024
https://doi.org/10.1097/00003086-200403000-00024
https://doi.org/10.3390/bioengineering10030341
https://doi.org/10.3390/bioengineering10030341
https://doi.org/10.1016/j.arth.2022.12.018
https://doi.org/10.1371/journal.pone.0252112
https://doi.org/10.1371/journal.pone.0252112
https://doi.org/10.1007/s00402-018-3090-y
https://doi.org/10.1007/s00402-018-3090-y
https://doi.org/10.1007/s11999-013-2936-4
https://doi.org/10.1007/s11999-013-2936-4
https://doi.org/10.1080/17453674.2019.1597062
https://doi.org/10.1080/17453674.2019.1597062
https://doi.org/10.1016/j.arth.2005.02.001
https://doi.org/10.1016/j.arth.2005.02.001
https://doi.org/10.2106/JBJS.E.00457
https://doi.org/10.2106/JBJS.E.00457
https://doi.org/10.1016/j.arth.2009.07.013
https://doi.org/10.1016/j.arth.2009.07.013
https://doi.org/10.1016/j.arth.2004.11.020
https://doi.org/10.1016/j.arth.2004.11.020

	Femoral revision in total hip arthroplasty using a cementless modular stem: clinical and radiological results with a 8-year follow-up
	Abstract
	Introduction 
	Materials and methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patient selection and study cohort
	Implant design
	Clinical and radiographic follow-up
	Statistical analysis

	Results
	Patient cohort
	Survival analysis
	Patient-reported outcome measures
	Radiographic evaluation

	Discussion
	References




