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Abstract
Purpose  This study aimed to investigate functional outcome and complications after primary and revision modular H-TKA 
using hybrid fixation with cementless stems.
Methods  Between 2015 and 2018, 48 patients with 50 implants were included after hybrid implantation of a single design 
H-TKA system using cementless osseointegrating stems and modular components. Complications and clinical outcome were 
analysed using Knee Society Score (KSS), the Western Ontario McMasters Universities Osteoarthritis Index (WOMAC) 
and the Short-Form Health Survey 12 (SF-12) score.
Results  Indications for implantation were aseptic revision (n = 29, 58%), primary TKA (n = 19, 38%) and two-stage septic 
revisions (n = 2, 4%). Complications were reported in 26% (n = 12), whereas complications associated with hybrid fixation 
occurred in 5 (10%) cases, with 2 (4%) requiring revision surgery for aseptic loosening and 3 (6%) treated with an adapted 
postoperative protocol for perioperative fractures. Implant survivorship was 84% after a mean follow-up of 54 months. 
Postoperative KSS significantly improved from 51.50 (12–100) to 78.36 (41–99; p < 0.001). The mean WOMAC score was 
19.26 (0–55), SF-12 PCS was 41.56 points (22.67–57.66) and SF-12 MCS was 49.21 points (23.87–63.21).
Conclusion  Hybrid modular implantation in H-TKA provides satisfactory clinical and functional results in primary and revi-
sion TKA. Clinical outcomes significantly improve with reduced pain, increased mobility, and good-to-excellent functional 
scores after implantation. Whilst implant survival is comparable to previous studies and complications associated with hybrid 
fixation are low, general complication rates are comparably high.

Keywords  Primary hinge total knee arthroplasty · Revision hinge total knee arthroplasty · Hybrid fixation of hinge total 
knee arthroplasty · Functional outcome hinge total knee arthroplasty
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Introduction

Hinged total knee arthroplasty requires the use of highly 
constrained designs in cases of irreversible soft- or bone-
tissue damage, which are frequently encountered in revi-
sion total knee arthroplasty (TKA). In the US, TKA revi-
sions are predicted to increase by 601% in the 25 years 
from 2005 to 2030 [1]. The most common reasons for 
revision TKA are aseptic loosening, infection and implant 
failure [2, 3], all of which may result in major bone defects 
and soft tissue damage. Although constrained condylar 
implants provide promising long-term results [4], the use 
of hinged total knee prostheses is not limited to cases that 
have been inadequately treated with a semi-constrained 
prosthesis as diverging results have been published [5]. 
Hence, there is no international standard on implant choice 
and the development of hinged knee prostheses has rap-
idly advanced in the last 20 years [6]. Recently introduced 
improvements in implant design have resulted in implant 
survival rates (after a 10-year follow-up) of up to 90.2% 
for third-generation hinged TKA (H-TKA) [7]. Therefore, 
with improved long-term results and decreasing revision 
rates, the traditional existing limitations on the usage of 
hinged prostheses are diminishing [8, 9].

Prosthesis fixation presents a key challenge in the pres-
ence of bone defects. Modern systems for H-TKA offer 
modular augments to address bone defects. Additional 
metaphyseal fixation may be achieved using sleeves and 
cones, which are shown to be a reliable fixation method 
in cases of bone loss [10]. To ensure sufficient prosthe-
sis–bone fixation, cemented implantation of pediculated 
implants is commonly used in H-TKA as they offer excel-
lent results with low rates of micromotion and aseptic 
loosening. However, especially in primary H-TKA in 
younger patients, hybrid implantation using only cement 
coating of surfaces, and therefore relying on cementless 
zonal fixation, offers multiple benefits such as bone stock 
preservation and easier implant revision procedures [11]. 
The use of cementless press-fit stems can help with align-
ing the prosthesis and varus/valgus stability, given the 
intramedullary guidance and helps retaining the bone min-
eral density due to favourable stress loading [12]. Addi-
tional fixation and further improved offloading of stresses 
in the prosthesis bone interface can be achieved using 
porous osseointegrating stems, a unique characteristic of 
the implant used in this study. Drawbacks of cementless 
stems are potential risks of end of stem pain as well as 
potentially demanding revision procedures when working 
with strong fixation porous osseointegrating stems. To 
date, owing to the inhomogeneity in reported cases and 
heterogeneous results published, there is no superiority 
to either, cementless or cemented fixation technique [13].

With ongoing developments in implantation systems, 
the functional outcome and complication rates must be 
continuously analysed to assure safety and durability 
of available prostheses. Recent studies are providing 
increasing insights into the outcome and complications 
of H-TKA. However, owing to limited case numbers with 
a variety of manufacturers and models, and the constant 
modifications in implant design, it is almost impossible to 
compare outcomes of cemented and cementless H-TKA 
using a randomised control trial [11]. Therefore, case 
series from specialised arthroplasty centres remain of 
particular importance in implant surveillance.

The aim of this study was to investigate the functional 
outcome and complication rates after primary and revi-
sion arthroplasty using a hybrid modular, single design, 
rotating hinge implant. Fixation is achieved with porous, 
osseointegrating cementless stems in line with modular 
components such as augments and sleeves or cones. Addi-
tional data on the use of modular augmentation depending 
on pre-existing bone defects according to the Anderson 
Orthopaedic Research Institute (AORI) classification is 
provided. Furthermore, a literature review was performed, 
and results are compared to studies identified in the review. 
We hypothesise potentially increased rates of aseptic loos-
ening and end of stem pain attributed to the use of cement-
less osseointegrating stems compared to previous studies.

Materials and methods

Patient characteristics

This study was a prospective monocentre trial. Patients 
were followed up and included in the study when a H-TKA 
had been performed. All patients fitted with the latest-
generation MUTARS® GenuX® MK System (Implant-
cast GmbH, Buxtehude, Germany) between 2015 and 2018 
were invited to participate in the study. Exclusion criteria 
were the use of H-TKA systems other than the specified 
model; and cemented stems. Hybrid implantation was 
defined as cemented implantation of the femoral and tibial 
components with cementless implantations of stems and 
modular components, if used, as intended by the manufac-
turer. A particular characteristic of the specified implant 
is a porous cementless stem designed to achieve osseoin-
tegration. Modular combinations of offsets, augments, 
sleeves and cones are possible. Patient allocation to the 
study is shown in the CONSORT flow diagram (Fig. 1). 
The study was approved by the institutional review board 
(IRB approval: 2018-A427-1). Informed consent was 
obtained from all participants.
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Surgical procedure

The study was performed at a primary academic referral 
centre for arthroplasty. Surgeries were performed by two 
independent and experienced, senior surgeons. The revi-
sion implant was pre-planned using preoperative planning 
software (mediCAD, Hectec, Altdorf, Germany). Fixation 
was achieved using cementless stem implants whenever 
possible. If cemented fixation was used, patients were 
excluded from the subsequent analysis. In case of bone 
defects, an optimal fit was ensured using spacers, cones 
and sleeves. The stems were implanted without cement 
after reaming in a press-fit technique, whereas the rear sur-
faces of the femur and tibial component itself are designed 
to be cemented in every case. In cases where cones were 
used, they were filled with polymethyl methacrylate 

(PMMA) bone cement on the inside with the porous sur-
face on the outside implanted cementless. Sleeves were 
always implanted cementless. The implant is displayed in 
Fig. 2. All study participants received the mobile-bearing 
variant of the implant, allowing up to 20 degrees of rota-
tion. Intraoperative local infiltration of analgesia (LIA) 
was used in all patients. Early mobilisation under full 
weight bearing was conducted in patients without intra-
operative complications. Physiotherapeutic support was 
provided, and motorised knee movement rails (continuous 
passive motion [CPM]) were used during the hospital stay 
(Artromot, DJO, Germany). Full weight bearing and full 
range of motion were allowed in post-surgery, the target 
hospital stay was one week and this was followed by a 
3-week rehabilitation programme, which is the standard 
procedure for TKA patients in this country.

Assessed for eligibility 
No.of hinged implants: 131 

No. patients: 126

BPKS (Brehm, GER)
56 pat./56 impl. 

GenuX, cemented (Implantcast, GER)
13 pat./14 impl. 

Analysed (n=48pat./50impl.)

Standard (one knee) (n=41)
Standard (two implants) (n=1)
TiN (one knee) (n=5)
TiN (both knees) (n=1)

Excluded from analysis (n=0)

GenuX, uncemented 
(Implantcast, GER)

 n=57 patients/61 implants

Enrollment

Allocation

Follow-Up

Analysis

Lost to follow-up (n=9 pat./11impl.)
Not meeting inclusion criteria (n=1)
Declined to participate (n=6)
Dead (n=1)
 Not reached/ no contact  (n=1)

Fig. 1   CONSORT flow diagram. Standardised CONSORT flow diagram. The Implant is available as standard variant (CoCr) or with a TiN coat-
ing (allergy variant)
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Outcome measures

Patient characteristics and comorbid conditions were col-
lected. The Charlson Comorbidity Index was used to catego-
rise the severity of comorbidity. Supplementary data on sur-
gical indication, number of prior prostheses, incision–suture 
time and access to surgical site were obtained.

All postoperative complications were defined as being 
either major (surgical revision required) or minor (surgi-
cal revision not required). Surgical complications during 
treatment or within the first four weeks after discharge were 
classified according to the classification system by Goslings 
and Gouma[14].

Patient-reported outcome measures (PROMS) were 
taken pre- and postoperatively after a minimum follow-up 
of 12 months. Each patient was physically examined pre- 
and postoperatively. Clinically important differences in pain 
score were defined as a reduction of 1 point. In addition, 
participants completed a questionnaire in which they pro-
vided information about function and quality of life. The 
functional outcome was measured pre- and postoperatively 
using the Knee Society Score (KSS) with clinically relevant 
differences defined as 9 (knee score) and 10 (function score) 
points [15]. The Western Ontario McMasters Universities 
Osteoarthritis Index (WOMAC) and the Short-Form Health 
Survey 12 (SF-12) were only taken during follow-up.

Radiological images were collected from all patients pre- 
and postoperatively. The type of preoperative bone defect 
was graded using the AORI classification of bone defects 
in TKA [16].

To assess implant survival, additional patient surveys 
were conducted after a minimum follow-up of 48 months. 
Patients were screened for follow-up surgeries in our institu-
tion or questioned for external follow-up therapies regarding 
their TKA.

Literature review

A literature review was performed following the Cochrane 
Review Methods using the MEDLINE database (1 January 
1980 to 20 December 2022). After the initial online search, 
relevant articles were manually selected. Selection criteria 
were primary studies reporting clinical and/or functional 
outcome after implementation of a H-TKA with additional 
reporting on cementless or hybrid implant fixation. Arti-
cles published in English language were selected. Search 
terms used in the title, abstract, MeSH, and keywords fields 
were (‘knee’ [MeSH] OR ‘knee joint’ [MeSH] OR ‘knee 
prosthesis’ [MeSH] OR ‘knee prosthesis’[tiab] OR ‘total 
knee arthroplasty’ [tiab]) AND (‘hinge’ [tiab] OR ‘rotating 
hinge’ [tiab] OR ‘RHK’ [tiab] OR ‘hinged prosthesis’ [tiab] 
OR ‘hinged implants’ [tiab] OR ‘revision knee arthroplasty’ 
[tiab] OR ‘revision total knee arthroplasty ‘ [tiab]) AND 
(‘cementless’ [tiab] OR ‘hybrid’ [tiab] OR ‘fixation’ [tiab]). 
After the initial online search, relevant articles and their bib-
liographies were manually reviewed.

Statistical analysis

The primary outcome of this study was the time until 
implant failure, defined as revision for any reason, such 
as aseptic loosening, septic revision, or implant exchange. 
The secondary outcome was defined as the functional 
outcome as described in the previous section. To assess 
improvement after implantation, the following null 
hypothesis was set: H0 There is no difference in pre- and 

Fig. 2   Radiographic and photographic implant images. Postoperative 
X-rays after aseptic revision arthroplasty using the GenuX® MK Sys-
tem (Implantcast GmbH, Buxtehude, Germany) with a hybrid fixa-
tion showing (a) ap, (b) tangential patellar and (c) lateral view. d The 
implant in an exploded-view drawing showing the coupling and the 
coated tibial component as well as a tibial stem for cementless fixa-
tion. The implant is modular with optional stem offsets, augments, 
sleeves, cones, cemented vs. uncemented osteointegrated stems and 
fixed vs. mobile-bearing (MB) variants. In this cohort only cement-
less stems and MB variants are used
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postoperative outcomes scores. The D'Agostino–Pear-
son test was used to evaluate raw data for normality. We 
subsequently used the Wilcoxon signed-rank test and 
Student’s t-test to evaluate differences between the two 
groups. Analysis of variance (ANOVA) was used for the 
descriptive statistics of means. The level of statistical 
significance was set at p < 0.05. All tests were two-sided. 
SPSS, version 22.0 (IBM Inc., Armonk, NY, USA), was 
used for treatment comparisons.

Results

Patient demographics

A total of 126 patients underwent a H-TKA between 2015 
and 2018. After excluding 56 patients receiving a dif-
ferent implant and 13 patients with cemented implants, 
57 patients were included in the study allocation. Nine 
patients did not join the follow-up examination, but the 
remaining 48 patients with 50 GenuX implants agreed 
to participate in the study. Allocation and follow-up are 
shown in the standardised flow diagram (Fig. 1). Patient 
characteristics and the indication for surgery are shown in 
Table 1. The indication for surgery was most frequently 
aseptic or septic revision (n = 31; 62%), followed by pri-
mary TKA (n = 19; 38%).

Clinical outcomes (PROMS)

The mean KSS knee score significantly improved from 
51.5 points preoperatively to 78.4 points postoperatively 
(p < 0.001), and the mean KSS function score increased from 
57.7 points preoperatively to 69.2 points postoperatively 
(p = 0.019) (Table 2). There was a highly significant reduc-
tion between the preoperative and postoperative pain levels 
without weight-bearing (3.66 vs. 1.05, p < 0.001) and with 
weight bearing (6.12 vs. 3.05, p < 0.001). The postoperative 
walking distance compared with the preoperative walking 
distance improved significantly by 52% (p < 0.001). Preop-
eratively, 56.25% of the patients were able to walk more than 
500 m, and postoperatively, this increased to 87.5%. Quality 
of Life (SF-12) and WOMAC scores were used only in post-
operative follow-up. Detailed PROMS are shown in Table 3.

Radiographic analysis

At the time of primary follow-up, one unrevised component 
showed radiological signs of loosening (radiolucent lines). 
This prosthesis was removed due to aseptic loosening after 
48 months. None of the prostheses showed a malrotation. 
The joint line of the implant was optimal in all unrevised 
knees. Postoperative leg axis valgus malalignment was 
observed in four patients, with three patients having pre-
existing genu valgum. No other radiological complications 
were observed.

Table 1   Baseline patient 
characteristics

TKA total knee arthroplasty

Sex (women/men) 32 (67%)/16 (33%)
Mean age (years) 67.79 ± 9.52 (range 50–83)
Body mass index/BMI (kg/m2) 29.41 ± 6.40 (range 21,38- 54,11)
Charleson comorbidity index, age adapted 3.38 ± 1.76 (range 1–8)
Physical activity
 Sport/work related activity high 13 (31%)
 Sport/work related activity low 29 (69%)

Duration of surgery (minutes) 171.43 ± 42.81 (range 85–299)
Indication for hinged TKA
 Aseptic loosening 24 (48%)
 Primary TKA (ligament insufficiency, varus-/valgus-deformity) 16 (32%)
 Aseptic revision (e.g. due to malrotation) 4 (8%)
 Primary TKA (post-traumatic) 3 (6%)
 Aseptic revision (ligament insufficiency) 1 (2%)
 Two-stage septic revision 2 (4%)

Type of implantation
 Primary TKA 19 (38%)
 One stage exchange TKA 24 (48%)
 Two stage exchange TKA 7 (14%)
 Cemented/uncemented stems 0 (0%)/50 (100%)
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Modular augmentation for bone defects

Amongst the 50 implantations, femoral modular augments 
were used in 33 (66.0%) implants and tibial modular aug-
ments were used in 21 (42.0%) implants. In 96.0% of the 
implantations, femoral and tibial bone defects were present 
and classified as AORI 1 or higher. In the presence of more 
severe bone defects (AORI 2b or higher), a combination of 
augments was used (Table 4).

Implant survivorship

Overall survivorship was 90% after a mean follow-up of 
21 months (range 12–36 months). At the latest follow-
up evaluation with a mean follow-up period of 54 months 

(range 48–71 months), overall implant survivorship was 
84%. Eight patients underwent a revision surgery with 
exchange or removal of the H-TKA implant (Table 5). 
The mean time until removal was 30  months (range 
1–48 months), with one prosthesis being removed after 
1 month owing to periprosthetic joint infection (PJI) with 
sepsis after a one-stage aseptic exchange. The most fre-
quent reason for implant removal was PJI (n = 6, 12.0%). 
In four out of six cases with PJI, the indication for implan-
tation was aseptic loosening or two-stage reimplantation 
after an infected TKA. One prosthesis had to be removed 
at 18 months post-surgery and another had to be removed 
at 48  months post-surgery due to aseptic loosening 
(4.0%). Implant survival is depicted in a standardised 
Kaplan–Meier graph (see Fig. 3).

Table 2   Functional outcome measured pre-operative (pre-op) and post-operative (post-op) with the KSS knee score and KSS function score

KSS Knee Society Score, pre-op pre-operative, post-op post-operative

KSS knee score KSS function score

Pre-op Post-op p Pre-op Post-op p

n % n % n % n %

Excellent (80–100) 5 10.42 26 54.17 13 27.08 19 39.58
Good (70–79) 3 6.25 3 6.25 4 8.33 4 8.33
Fair (60–69) 6 12.50 6 12.50 6 12.50 5 10.42
Poor (< 60) 34 70.83 7 14.58 25 25.00 14 29.17
Total 48 100 42 87.50 48 100 42 87.50

Mean 51.50 78.36  < 0.001 57.71 69.17 0.019
(Min.–max.; SD) (12–100; 18.85) (41–99; 16.52) (0–100; 25.97) (0–100; 25.90)

Table 3   Clinical and functional 
outcome measures pre- and 
post-operative

ROM range of motion, pre-op pre-operative, post-op post-operative, w/o without, SF-12 Short Form Health 
Survey, WOMAC Western Ontario and McMaster Universities Arthritis Index

Outcome measurement Value n Mean Min Max SEM SD p-value

Pain pre-op w/o weight-bearing 0–10 44 3.66 0.00 10.00 0.43 2.88
Pain post-op w/o weight-bearing 0–10 42 1.05 0.00 8.00 0.31 2.04 p < 0.001
Pain pre-op with weight-bearing 0–10 44 6.16 0.00 10.00 3.09
Pain post-op with weight-bearing 0–10 42 3.05 0.00 9.00 0.48 3.10 p < 0.001
ROM pre-op 48 93.65 40 130 2.98 20.62
ROM post-op 42 98.33 50 135 2.75 17.83 0.312
ROM contralateral knee 42 113.93 70 145 2.61 16.91
Walking distance pre-op Metres 48 738.23 25.00 1500.00 76.04 526.85
Walking distance post-op Metres 42 1121.43 50.00 1500.00 75.60 489.92 p < 0.001
SF-12 PCS post-op 11–58 42 41.56 22.67 57.65 1.86 12.07
SF-12 MCS post-op 10–64 42 49.21 23.87 63.21 1.78 11.53
WOMAC post-op 100–0 42 19.26 0.00 55.00 2.22 14.41
Pain subscore 100–0 42 15.38 0.00 68.00 2.56 16.58
Stiffness subscore 100–0 42 7.38 0.00 50.00 1.91 12.41
Activity subscore 100–0 42 21.67 0.00 59.41 2.55 16.50
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Table 4   Anderson Orthopedic Research Institute (AORI) classification on bone defects in our study group with used modular augmentation

In cases with multiple augments used, all augments are listed. All hinged prostheses were implanted using cementless stems
AORI Anderson Orthopedic Research Institute

No defect AORI 1 AORI 2a AORI 2b AORI 3

Tibia Femur Tibia Femur Tibia Femur Tibia Femur Tibia Femur

n (%) 2 (4.0%) 2 (4.0%) 27 (52.0%) 21 (40.0%) 10 (20.0%) 15 (30.0%) 9 (18.0%) 8 (16.0%) 2 (4.0%) 4 (8.0%)
Modular augmentation
 None 2 2 21 15 6 0 0 0 0 0
 Spacer 0 0 6 6 4 15 3 8 1 3
 Cone 0 0 0 0 0 0 0 0 0 1
 Sleeve 0 0 0 0 0 0 6 3 1 3

Table 5   Complications and 
reasons for implant removal 
following hybrid hinge TKA

DAIR Debridement, antibiotics and implant retention

No. of implants (%) Treatment

No complications 37 (74.0%)
Fixation-dependent complications 5 (10.0%)
 Tibial fracture (postoperative) 2 (4.0%) Reduced weight bearing
 Aseptic loosening 2 (4.0%) Two-stage implant revision
 Femoral fracture (intraoperative) 1 (2.0%) Additional cable wires, reduced 

weight bearing
Fixation-independent complications 8 (16.0%)
 Periprosthetic joint infection 6 (12.0%) Implant removal
 Superficial wound infection 1 (2.0%) DAIR procedure
 Patellofemoral pain 1 (2.0%) Revision with patellar resurfacing

Overall Prosthesis removal 8 (16.0%)
 Periprosthetic joint infection 6 (12.0%)
 Aseptic loosening 2 (4.0%)

Fig. 3   Implant survival. 
Kaplan–Meier survivorship 
curve for implant survivor-
ship. Vertical spices represent 
censored data
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Complications

Fixation-associated complications occurred in five implanta-
tions (10.0%). Intraoperative fractures were recorded in three 
cases (6.0%). In one case (2.0%), an intraoperative femoral 
fracture was detected during stem implantation and addi-
tional cable wires were used (Goslings and Gouma grade 1). 
In two patients (4.0%), postoperative tibial non-dislocated 
fractures were detected in routinely obtained postoperative 
X-rays; the patients subsequently underwent adapted post-
operative treatment, including partial weight bearing, for 
several weeks (Goslings and Gouma grade 1). Two patients 
reported tibial stem pain after cementless implantation dur-
ing clinical follow-up (6 weeks after discharge), with both 
patients reporting no symptoms during the latest follow-up.

Complications independent of the fixation method were 
reported in eight implantations (16.0%). Six (12.0%) of these 
complications resulted in implant removal, whereas the other 
two reported complications required different treatments. 
One patient-reported patellofemoral pain during follow-up 
examination (6 weeks after discharge), which was due to 
secondary patellofemoral arthrosis, and was treated with 
revision surgery for patellar resurfacing. The other patient 
had a superficial wound infection (CDC category A2) that 
required a debridement, antibiotics, and implant retention 
(DAIR) procedure (Goslins and Gouma grade 2).

Medical complications included catheter-associated 
urinary tract infection (n = 5, 10%; Goslings and Gouma 
grade 0) and deep vein thrombosis (n = 1, 2%; Goslings and 
Gouma grade 1). Catheter-associated urinary tract infection 
was not associated with superficial wound infection or septic 
loosening.

Complications within the first four weeks after discharge 
according to Goslings and Gouma occurred in n = 11 
(22.0%) cases, graded zero in n = 5 cases, 1 in n = 4 cases, 2 
in n = 1 case and 3 in n = 1 case (PJI).

Discussion

In this prospective monocentric study, a cohort of 48 patients 
with 50 implants was prospectively followed up according 
to the survivorship of the cementless stem guided TKA, 
specific complications and the patient’s functional out-
come and quality of life. An implant survivorship of 84% 
after a mean follow-up of 54 months was recorded, which 
was congruent with a previous study examining the same 
implant design [17]. Complications that were directly con-
nected to the cementless stem fixation occurred in 10% of 
the implantations, which is comparable to the published lit-
erature [17]. After implantation, significant improvements 
regarding KSS functional outcome scores were observed, 

and patients reported less pain as well as improvements in 
daily living measured by the WOMAC score.

In addition to the retrospective and prospective analysis, 
we conducted a literature review (Table 6) as our study does 
not provide a cemented control group. Nine studies were 
found that examined outcomes, complications and implant 
survival after (rotating) H-TKA [7, 8, 17–23]. However, only 
one study by Theil et al. examined the MUTARS GenuX 
(Implantcast, Germany) implant [17].

Overall complications

The overall complication rate was 26% (13/50). Only 10% 
(5/50) of implantations had complications that were directly 
associated with the fixation method, whereas other compli-
cations were observed in 16% (8/50) of the total implan-
tations. These fixation-independent complications (n = 8, 
16.0%) consisted of seven infections (14.0%). This rate 
seems high, but our study cohort did include two-stage sep-
tic and aseptic revision cases. In the studies identified in our 
literature review, the complication rates for PJI range from 
2.4% in a single study [7] to 8–26.4% [8, 17, 19, 20]. The 
range of reported complication rates for PJI can be attributed 
to different indications within the analysed studies. Compar-
ing the studies, a higher PJI rate is often associated with a 
study population that includes patients undergoing septic 
revision. This is consistent with previous literature [24], with 
PJI often reported as one of the most common causes of 
failure after H-TKA [25]. A meta-analysis by Onggo et al. 
recently concluded that fixation method is not a risk factor 
for PJI [26]. Complications with extensor mechanism fail-
ure (e.g. patellofemoral pain, quad/patellar tendon rupture) 
are not uncommon after H-TKA, with complication rates 
ranging from 1 to 6% [6, 19, 27, 28]. In our study popula-
tion, one patient (2%) reported patellofemoral pain during 
follow-up and was treated with patellar resurfacing. Patellar 
resurfacing is a procedure that has been extensively studied 
and discussed but is still without uniform indication and 
therapy recommendations [29]. In general, in patients with 
multiple revisions before implantation or complex arthritis 
resulting in the selection of a H-TKA, soft tissue damage of 
the extensor mechanism and patellar damage are more com-
mon and a complication rate of 2% can be considered low.

Complications associated with cementless stem 
fixation

Although complications have been reported in 26% of 
implantations, fixation-associated complications only 
occurred after five (10%) implantations, with two patients 
(n = 2, 4%) requiring revision surgery. Intraoperative tibial 
(n = 2) and femoral (n = 1) fractures may be attributed to 
hybrid implementation as previously reported [30]. The 
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periprosthetic fracture rate of 6% in our study is consistent 
with previous publications reporting periprosthetic fracture 
rates from 1 to 10% [17, 27, 31]. However, adapted partial 
weight-bearing was sufficient in two (4.0%) of the cases in 
this study and only the third case (n = 1, 2.0%) required addi-
tional cable wires during implantation.

The only study investigating the same implant as our 
study was by Theil et al. and reported a correlation of aseptic 
loosening to fixation method (hybrid 14% versus cemented 
0%; p = 0.06) [17]. Guttowski et al. recently published a bio-
mechanical in vitro study showing that cones and cementless 
stems provide good stability in the presence of large bone 
defects, concluding that the bone quality should determine 
fixation method [32]. A general approach to use cementless 
stem fixation in the presence of good bone quality in com-
bination with augments to achieve sufficient fixation in at 
least two zones seems most appropriate. Cement removal is 
often associated with a major loss in bone stock and the risk 
of iatrogenic fractures, especially in young patients under-
going complex primary TKA as well as in cases with high 
re-revision rates [33]. Furthermore, a recent study by Hipfl 
et al. demonstrated significantly higher re-infection rates and 
more severe bone loss in cemented septic revision compared 
with cementless septic revision [34], supporting the use of 
cementless implants, especially in the light of previously 
discussed higher infection rates. Nevertheless, a consensus 
on the fixation method regarding implant survival, revision 
rates and clinical outcome is yet to be found.

Two patients in our cohort reported tibial stem pain after 
cementless stem implantation. A recently published retro-
spective cohort study found no differences in tibial pain at 
the end of the stem in cementless and cemented revision 
TKA (p = 1.0) [35], although the analysed implants differ 
from those in this study. During the first follow-up in our 
study, one incidence of radiolucent lines was observed with 
no clinical symptoms of loosening. As previously reported, 
radiolucent lines without loosening may be attributed to suf-
ficient zonal fixation [36], which can be achieved utilising 
cones or sleeves in cases with bone defects. In our study, 
the implant had to be removed after 48 months due to asep-
tic loosening. We therefore recommend close radiographic 
monitoring and clinical follow-ups in cases with radiolucent 
lines.

Implant survival

Overall implant survival in our study was 90.0% with a 
mean follow-up of 21 months and a minimum follow-up of 
12 months, and 84% with a mean follow-up of 54 months 
and a minimum follow-up of 48 months. Compared with 
the studies identified in our literature review, the only 
study using the same implant reported an implant survival 
rate of 91.3% after 2 years and 69.7% after 5 years [17]. 

When the studies that utilised other implant designs were 
included in the comparison, survival rates of 69.7% to 94% 
were reported after a 60-month follow-up (Table 6). Whilst 
Theil et al. observed a trend of improved survival in fully 
cemented implants [17], Hu et al. reported higher survival 
rates with cementless implantation compared with cemented 
implantation for a different implant (5-year follow-up: 94% 
versus 75%, respectively) [20]. Therefore, the hybrid implan-
tation used in our study yields comparable implant survival 
rates after a 4-year follow-up [17, 19–21]. In our study, most 
implants had to be removed due to septic loosening or PJI 
and complications leading to implant removal associated 
with fixation method are low.

Functional outcome and quality of life

This is the first study to report clinical and functional out-
comes after cementless fixation of this single implant design, 
providing pre- and postoperative functional patient evalu-
ations. We reported significant improvements of the KSS 
knee and function scores, and these improvements are higher 
than previously reported minimal clinically important dif-
ference of 7.2 for KSS knee and 6.3–9.7 for KSS function 
scores [15]. Our results are comparable with previously pub-
lished results [8, 18]. Range of motion (ROM) improved 
from 93.65 to 98.33 degrees, which is comparable to that 
in a study by Heesterbeek et al. using the Legion Revision 
TKA (Smith & Nephew, USA) [18]. In their study with 32 
patients, Heesterbeek et al. concluded that there was no dif-
ference in clinical scores between fixation techniques after 
a 2-year follow-up [18]. The mean postoperative WOMAC 
score was 19.26 (range 0–55) in our study, which is well 
within reported outcomes after modern primary TKA using 
a lower constrained prosthesis (e.g. cruciate-retaining or 
posterior-stabilised) [37]. Mean postoperative SF-12 PCS 
and MCS scores were 41.56 and 49.21, respectively, compa-
rable to scores for primary TKA in a population < 65 years 
(SF-12-PCS 39.1–82.6 and SF-12-MCS 44.5–74.6) [38].

As previously stated, Theil et al. [17] are the only authors 
who have examined the same implant design as that used in 
this study. Although the focus of their study was implant 
survival, Theil et al. did evaluate functional outcome post-
operatively with a mean WOMAC of 127 (n = 71), but the 
score calculation is unclear and comparison with our study 
is therefore impossible. However, Theil et al. found that 
implant fixation was not correlated with functional outcome 
[17].

Limitations

This study has several limitations. First, implant sur-
vival was validated after a follow-up with a minimum of 
48 months. We state that these results are midterm results 
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because, although these findings are of clinical interest, 
additional studies with follow-up periods of 5 or 10 years 
are required to assess long-term implant outcome param-
eters. Second, we report a limited cohort of 48 patients 
because all implant designs other than the investigated 
one were strictly excluded. Moreover, an a priori power 
analysis and reliable sample calculation could not be per-
formed due to the rare indication and especially limited 
use of porous osseointegrating stems in the literature, with 
the potential of low statistical power. However, consider-
ing single implants, our patient number is comparable to 
those of several recently published studies that examined 
outcomes after H-TKA [7, 8, 19]. Third, for six patients 
(12.5%), postoperative PROMs could not be obtained 
because patient travel distance to the hospital was too far. 
Nonetheless, patients were followed up with telephone 
interviews to monitor complications and implant survival. 
Fourth, cemented implantations were excluded, leading to 
a potential bias towards more easily managed bone defects 
with better implant survival and functional outcome. Dur-
ing the study period, only 13 patients had at least one of 
the stems in their implant cemented as we favour cement-
less stem implantation whenever possible. In previous lit-
erature, no significant difference in implant survival was 
observed comparing hybrid and cemented fixation of the 
studied implant [17]. However, to our knowledge, studies 
investigating functional outcomes comparing cemented 
and hybrid fixation of the implant in this study do not exist 
and differences between fixation methods might occur. 
Despite these limitations, the findings of this study are of 
clinical relevance because they provide data on a rarely 
reported implant and an infrequently used implantation 
method for patients with complex primary and revision 
arthroplasty.

Conclusion

This is the first study investigating the clinical and func-
tional outcomes after hybrid fixation of the GenuX implant 
(Implantcast, Germany) in complex primary and revision 
arthroplasty. Clinical and functional outcomes significantly 
improve postoperatively, with reduced pain, increased 
mobility, and good-to-excellent results in functional scores. 
Although total complication rates are comparably high in 
the context of H-TKA cases, cementless fixation-associated 
complications are low compared with the published litera-
ture. Cementless stems in combination with modular com-
ponents as augments, offsets, and sleeves or cones lead to 
the possibility of guaranteeing a proper fixation even in large 
bone defects.
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