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Background. In the current study, we investigated midterm results of a new rotating hinge total knee arthroplasty (EnduRo
prosthesis), which uses a new bearing material (CFR PEEK). Methods. We prospectively analysed data of 50 patients with a
minimum follow-up of 5 years. In 24 (48%) patients, a primary implantation was performed and 26 (52%) were revision cases.
Clinical and radiographic examinations were performed preoperatively as well as postoperatively after 3 and 12 months and
annually thereafter. The Knee Society Score (KSS), WOMAC, Oxford Knee Score (OKS), and range of motion (ROM) were used
for clinical assessment. Results. KSS, WOMAC, OKS, and ROM significantly improved between the preoperative and the follow-
up investigations. The overall survival rate with revision for any reason as an endpoint was 77.9% after five years. The number
of complications was significantly higher in the revision group (𝑝 = 0.003). Conclusion. The EnduRo prosthesis provides highly
satisfying clinical and functional results in severe primary as well as in revision cases. Implant-associated complications were rare.
However, in cases of revision surgery, the risk for complications was considerably high, mostly related to previous joint infections
and poor soft tissue quality.

1. Introduction

Thenumber of primary and revision total knee arthroplasties
(TKA) is steadily rising. In the Swedish knee arthroplasty
register, the frequency of revisions has increased to 13%
[1] and in the United States prosthetic revisions account
for approximately 8% of all total knee replacements [2]. In
revision TKA, the choice of an adequate constraint degree
represents one of the crucial factors for a successful outcome
[3]. In cases with serious bone loss and ligament instability,
more constrained designs, like rotating hinge prosthesis,
are necessitated [4, 5]. Beside revision arthroplasty, rotating
hinge prostheses are also used in primary cases with excessive
varus/valgus deformities (>20∘), severe rheumatoid arthritis,
collateral ligament insufficiencies, or bony destruction of the
tibial plateau or the femoral condyles [6].

Historically, hinged knee prostheses were the first
implants in TKA [7]. First-generation hinge prostheses had
only one plane of motion. The highly restricted biome-
chanics and the suboptimal designs caused early loosening,

osteolysis, and excessive wear [8–10]. The poor results lead
to several developments including a rotational axis that
additionally allowed 20∘ of internal and external rotation.
However, the outcomes of these second-generation implants
remained disappointing [11, 12]. Further enhancements,
including a new design of the trochlear groove to improve
patella tracking and patella kinematics, advancements in
the stem design that facilitate osteointegration, improvement
of biomaterials, and addition of second rotational axis to
decrease torsional stresses on the bone implant interface,
were introduced [8, 13–15].

Despite these improvements, the results and indications
are still discussed contradictorily. Certain authors report
high complication rates and low survivorship and therefore
consider rotating hinge implants to be only useful in salvage
procedures after several failed revisions [16]. However, other
studies reported encouraging outcomes and recommend a
more liberal usage [6, 17, 18]. Many previous reports on
modern rotating hinge implants are done retrospectively and,
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Table 1: Patient characteristics and differences between primary and revision group. Except where indicated otherwise, values presented are
mean (standard deviation).

Total Primary Revision 𝑝 value
𝑛 (%) 50 24 (48%) 26 (52%)
Female 𝑛 (%) 40 (80%) 22 (91.7%) 18 (69.2%) p = 0.048
Age 73 (1) 74.7 (2) 72 (1.7) 𝑝 = 0.177

Weight (kg) 82 (3) 79 (3) 85 (4) 𝑝 = 0.600

Height (cm) 165 (1) 164 (2) 167 (2) 𝑝 = 0.206

BMI 29.9 (0.9) 29.5 (1.1) 30.4 (1.4) 𝑝 = 0.749

CCI 6 (0) 7 (0) 6 (0) 𝑝 = 0.355

RA 𝑛 (%) 3 (6%) 2 (8.3%) 1 (3.8%) 𝑝 = 0.504

DM 𝑛 (%) 12 (24.5%) 6 (26.1%) 6 (23.1%) 𝑝 = 0.807

Hospitalization (days) 18 17 (1) 19 (1) 𝑝 = 0.558

Indications 𝑛 (%)
Primary 24 (48%) — —
Septic loosening 10 (20%) — 10 (38.5%)
Aseptic loosening 11 (22%) — 11 (42.3%)
Instability 5 (10%) — 5 (19.2%)
Complications (all) 11 (22%) 1 (4.2%) 10 (38.5%) p = 0.003
Type 1 4 (8%) 0 4 (15.4%)
Type 2 3 (6%) 1 (4.2%) 2 (7.7%)
Type 3 4 (8%) 0 4 (15.4%)

due to the usage of different types of prosthesis, are difficult
to compare [19].

After early result evaluation [20], in the current study
we investigatedmidterm clinical, functional, and radiological
outcomes, complications, and implant survival of a new
third-generation rotating hinge prosthesis (EnduRo pros-
thesis; Aesculap AG, Tuttlingen, Germany), which uses a
new bearing material (carbon-fiber reinforced poly-ether-
ether-ketone, CFR PEEK) in complex primary and revision
patients. Furthermore we aimed to compare outcomes and
complications between primary and revision implantation
and analysed risk factors for complications.

2. Material and Methods

2.1. Patients. In this single centre study, we prospectively col-
lected data from 59 patients who underwent surgery between
2008 and 2012. In all patients, the EnduRo rotating hinge
prosthesis was implanted. The regional institutional review
board gave ethical approval for this study and all patients
signed an informed consent before study inclusion. Five
patients died from unrelated causes and four patients were
unable to participate because of severe comorbidities, leaving
50 patients with a minimum follow-up of 5 years for final
analysis. In 24 (48%) patients, a primary implantation was
performed and 26 (52%) were revision cases. Indications for
primary implantation included varus or valgus osteoarthritis
of more than 20∘ deformity and severe rheumatoid arthritis
in combination with extensive ligamentous instability and/or
bony destruction. Indications for revision TKA included
aseptic and septic loosening with substantial bone loss as well
as serious instability after primary TKA, including flexion
and extension gap mismatch. Differentiation between aseptic

and septic loosening was based on histological examination
and microbiological diagnostics as well as clinical and radi-
ological examination combined with blood examinations,
including C-reactive protein (CRP) and white blood cell
(WBC) counts. In case of PJI, patients were treated by two-
stage revision. The Charlson Comorbidity Index was applied
to summarize comorbidities [21]. Table 1 summarizes the
demographic data and indications for implantation.

2.2. ImplantDesign. TheEnduRoprosthesis is a newmodular
rotating hinge implant.The transmission of force travels from
the femoral component to the tibial part via the polyethylene
(PE) insert, whereas the axis is primarily not weight bearing
and stabilizes the implant when higher frontal and sagittal
forces occur. The contact area between the metal parts and
the PE is considerably large, varying from 680 to 1050mm2
during the entire range of motion (ROM). PE inserts are
available in 10 to 24mm thickness. The axes are embedded in
bushings and flangesmade of CRF-PEEK, a novel biomaterial
introduced as bearing articulation in knee arthroplasty for the
first time aiming to minimize wear [22, 23]. The prosthesis
is designed for a ROM from 3∘ of hyperextension to 140∘
of flexion and allows a rotation of ±12∘. Tibial and femoral
(posterior distal and distal) wedges in different heights allow
for augmentation. Furthermore the prosthesis provides an
offset option for femoral and tibial stems. Cemented and
cementless stem fixation are both possible, whereas the
epiphyseal fixation of the implant has to always be cemented
[20].

2.3. Surgical Technique. All surgeries were carried out by the
senior author (AG). The same approach was used for each
intervention, involving a straight midline incision combined
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with a medial parapatellar arthrotomy and a lateral patella
luxation. A combination of intramedullary femoral and
extramedullary tibial alignment guides as well as resection
blocks for osteotomies was applied. Spacers were utilized
to balance flexion and extension gaps. A tourniquet was
activated after osteotomies to improve cement penetration
and was released before wound closure. For implant fix-
ation, a hybrid technique of cemented femoral and tibial
epiphyseal fixation and uncemented stems was exercised.
After pulsatile lavage Gentamycin-loaded (Palacos R + G,
Heraeus, Hanau, Germany) cement in vacuum cementing
technique was applied. The patella was routinely resurfaced;
if necessary, a lateral release was performed to obtain a
satisfying patella tracking. Usually two intra-articular suction
drains were set and kept for two to five days. Mobilization
under physiotherapeutic surveillance already started on the
first postoperative day. Patients used crutches for 6 weeks
with partial to full weight bearing where possible. They
received a perioperative antibiotic prophylaxis withCefazolin
or Clindamycin, which was usually continued for 5 days.
In case of two-stage revision due to PJI, antibiotic therapy
was adjusted according to culture results in consultation with
the department of infectious diseases. Routinely, antibiotics
were applied for six weeks between stages and continued
for another 6 weeks after replantation. Thromboembolic
prophylaxis was given throughout six weeks, starting 12 hours
after the intervention.

2.4. Follow-Up and Complications. Clinical and radiographic
examinations were performed preoperatively as well as post-
operatively after 3, 6, and 12 months and annually thereafter.
ROM was measured in action using a long goniometer.
The Knee Society Score (KSS), the functional KSS [24],
the Western Ontario and McMaster Osteoarthritis Index
(WOMAC) [25], and the Oxford Knee Score [26] were used
for clinical assessment. Two different observers evaluated
standard anteroposterior, lateral, and full leg radiographs.
Radiographic analysis included assessment of alignment and
signs of loosening (radiolucent lines, osteolysis, PE wear, and
implant migration). Furthermore, we evaluated complica-
tions leading to revision surgery of the involved knee and
differentiated between three different types of complications
as previously described [20]: type 1, PJI; type 2, peripros-
thetic complications such as failure of the extensor mech-
anism, periprosthetic fractures, patella failure, and wound
dehiscence; type 3, implant complications like wear, aseptic
loosening, instability, and implant failure (including breakage
of axis, bushings, and stem). This particular differentiation
originates from the observation that the implant has no or
little influence on type 1 (septic) and type 2 (periprosthetic
complications) failures, whereas type 3 failures are specifically
linked to the prosthesis and therefore provide information
about implant survival [20].

2.5. Statistical Analysis. Descriptive statistics were used to
display demographic data. Statistical analysis focused on
evaluation of the clinical and functional outcome five years
after implantation. We used the paired t-test to compare
pre- and postoperative results. The implant-survival rate is

described using theKaplanMeier (KM)method and analysed
with Cox regression. We evaluated the failure rates of each
complication type (1 to 3). Furthermore, we compared clinical
and functional results as well as implant survival of the
primary and the revision surgery group. We used the KM
method, the t-test, nonparametric tests, and the Chi-Square
test to compare these two surgery groups. Odds ratios (ORs)
and 95% confidence intervals (95% CIs) were employed to
describe the influence of potential risk factors for revision,
applying logistic regression as calculation method. Values ≤
0.05 were considered as statistically significant. All statistical
analysis was carried out with IBM SPSS Version 24.

3. Results

Overall, we found a significant improvement in clinical and
functional parameters after surgery. The KSS improved from
24.9 (SD 19.6) preoperatively to 89.3 (SD 16.6) postoperatively
(𝑝 < 0.001) and the functional KSS from 25.2 (SD 20.5)
to 58 (SD 26.6) (𝑝 < 0.001), respectively. WOMAC scores
decreased from 6.3 (SD 1.9) before surgery to 2.5 (1.9) after
surgery (𝑝 < 0.001) and the Oxford Knee Score increased
from 15.1 (SD 8.6) preoperatively to 31.4 (SD 10.1) (𝑝 < 0.001),
respectively. The ROM improved from 71∘ (SD 34∘) preop-
eratively to 115∘ (SD 14∘) after implantation of the rotating
hinge prosthesis. None of the patients required a postoper-
ative closed manipulation. When comparing functional and
clinical results of the primary and the revision group, we
registered significantly higher KSS results only in the primary
group (𝑝 = 0.043). Functional KSS, WOMAC score, Oxford
Knee Score, and the ROM did not differ between the two
groups. Table 2 summarizes pre- and postoperative clinical
and functional results. Although radiolucencies were seen
in six cases, all remained under 1mm in thickness and no
progression could be detected.

In total, 11 (22%) patients had complications leading
to revision surgery. Out of these, four (8%) were deep
infections (type 1 complication). The affected patients were
treated with two-stage revision with prosthesis removal,
implantation of cement spacer, and replantation after 6weeks.
An EnduRo rotating hinge prosthesis was implanted in three
cases; in a single case GMRS distal femur tumour prosthesis
(Stryker, Warsaw, USA) was chosen. Type 2 (periprosthetic)
complications were registered in three (6%) patients. One
of these patients suffered a periprosthetic fracture, which
was treated with locking plate osteosynthesis. In the other
two patients, a rupture of the extensor mechanism occurred.
These patientswere treatedwith surgical extensormechanism
reconstruction and cast-immobilization for 6 weeks. Type
3 complications (prosthesis failure) were seen in four (8%)
patients. Two showed an aseptic loosening of the femoral
component and both were treated with one-stage revisions:
in one patient again a hybrid technique was performed; for
the other, the revision component was completely cemented.
In the remaining two patients, a failure of the tibial rotational
axis screw occurred. One breakage and one loosening of the
screw were recorded. In both cases, the screw was exchanged.
The number of complications was significantly higher in the
revision group (𝑝 = 0.003). Of 26 patients in the revision
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Table 2: Preoperative and 5-year postoperative outcome parameters.

Preoperative 5-year postoperative 𝑝 value
WOMAC score (SD) 6.26 (0.27) 2.45 (0.29) p < 0.001
Primary 6.4 (0.37) 2.04 (0.38)
Revision 6.13 (0.40) 2.84 (0.42)
Oxford Knee Score (SD) 15 (1) 31 (1) p < 0.001
Primary 15 (2) 34 (2)
Revision 15 (2) 29 (2)
KSS clinical (SD) 25 (3) 89 (2) p < 0.001
Primary 15 (3) 92 (4)
Revision 35 (4) 87 (3)
KSS function (SD) 25 (3) 58 (4) p < 0.001
Primary 23 (4) 60 (6)
Revision 28 (4) 56 (5)
ROM (SD) 72 (5) 115 (2) p < 0.001
Primary 85 (4) 116 (3)
Revision 60 (8) 114 (3)

group, ten (38.5%) developed a complication, whereas only
one (4.2%) out of 24 patients in the primary group was
affected.This patient suffered a periprosthetic fracture. Tables
1 and 2 compare the primary and the revision group.

The overall survival rate with revision for any reason as
an endpoint was 90% after one year and 77.9% after five
years. Analogue to the complication rates, the survival was
significantly higher in the primary group than in the revision
group (𝑝 = 0.005). In the primary group, implant survival
was 95.8% after one year and after five years, respectively.
In the revision group, rates were 84.6% after one and 61.5%
after five years, respectively.The implant-survival rate (type 3
complications) was 97.7% after one year and 90.6% after five
years, respectively. See also Figures 1–3.

In addition, logistic regression was performed to evaluate
independent risk factors for complications leading to revision
surgery. In the model, revision surgery and age could be
identified as influencing risk factors for complications. ORs
were 14.38 (CI 95% 1.67–123.7) (𝑝 = 0.015) for revision
surgery and 0.91 (CI 95% = 0.84–0.99) (𝑝 = 0.024) for age,
respectively. Gender, CCI, and BMI did not show significant
influences.

4. Discussion

The frequency of complex revisionTKA is steadily increasing.
Significant bone loss and ligament deficiency often require
more constrained implants for reconstruction. Hinge pros-
theses have been attempted for decades, but prior designs
still face complications in early aseptic loosening and implant
failure due to the high stress placed on the bone-cement inter-
face [27]. Despite several developments in prosthetic design,
results as well as indications of rotating hinge devices are still
discussed controversially [16–18]. In the current study, we
prospectively evaluated the clinical and functional outcome
as well as complication rates 5 years after implantation of a
novel rotating hinge prosthesis, which was implanted for the
first time in 2008. We found excellent clinical and functional
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Figure 1: Revision-free survival (overall).

results. Patients reported a tremendous improvement in daily
living and quality of life. Overall complications leading to
revision were seen in 22% of the cases after five years. The
risk for complications was elevated after revision surgery and
increased with age.

Our study has several limitations. First, the sample size
was limited to 50.This has to be consideredwhen interpreting
our results; especially the influence of some risk factors for
complications might have been underestimated. Second, the
follow-up time was limited to five years. However, 50 cases
evaluated prospectively over 5 years seem to be an acceptable
number, in particular for a clinically unproven prosthesis
design with a new bearing material. Third, the included
patients showed distinct indications for a rotating hinge TKA.
Potentially, the reason for revision surgery could impact the
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Figure 3: Implant survival (type 3 complication).

risk for complications, but the small sample size did not allow
an evaluation of the influence.

After five years, patients had a significantly improved
knee function. Overall mean KSS and functional KSS were
89 and 58, respectively, with a mean active knee flexion of
115∘. The current KSS results are comparable with former
studies on contemporary rotating hinge prosthesis, while the
functional KSS results seem to be superior: Cottino et al.
reported a mean KSS of 81 points and a mean functional
KSS of 36 points in large cohort of primary and revision

cases [28]. Pour et al. analysed 44 prostheses and KSS and
functional KSS were 73.5 and 43, respectively [29]. Another
study on rotating hinge prostheses in primary TKA found
postoperative KSS of 73 and functional KSS of 47 after amean
follow-up of 15 years [19]. The better functional results might
be related to the prosthetic design used in our cohort.

Overall 11 (22%) patients had a complication leading
to revision surgery after five years. These results corre-
spondwith other reports, which described complication rates
between 16% and 32% after 4- to 6-year follow-up [27–
29]. Other published series found explicit lower revision-free
survival rates after rotating hinge TKA with complications in
46% of the cases in a comparable follow-up period [30]. PJI
was the most common complication and was seen in 8% of
the cases. All of these patients had undergone revision TKA,
because of previous septic loosening. In accordance with our
study, deep infections accounted for most complications in
previous reports, which described septic failure rates of 16%
to 24% [19, 30].

Extensor mechanism complications are a frequent prob-
lem in revision TKA [31]. The incidence in our cohort of 4%
seems to be comparable to or even a little lower than that
in previous series that reported rates up to 10% of exten-
sor mechanism complications [4]. One patient sustained a
periprosthetic fracture; such frequency is in accordance with
former reports, where one out of 42 patients suffered a
periprosthetic fracture [4]. Periprosthetic fractures are more
common after hinge prosthesis due to the higher constraint
and the often aged patient collective suffering from additional
risk factors like osteoporosis and rheumatoid arthritis [4].

Implant-associated complications were aseptic loosening
and mechanical hinge failure (type 3 failure). In two patients
(4%), we found a breakage of the tibial axis screw. Similar
frequencies have been reported [15]. In contrast to early
designs of constrained TKA, the presented aseptic loosening
rate of 4% after 5 years was highly satisfying.This emphasizes
the remarkable reduced shear stress on the bone implant
interface by shifting the force transmission through the
condylar area with additional rotating motion around the
tibial axis. Considering implant-associated complications, we
registered an implant-survival rate of 91% after 5 years.

None of the complications could be linked to the new
CFR-PEEK bearing material. In vitro biotribologic studies
have shown promising low rates of wear and debris for
the EnduRo prosthesis [32]. We found no macroscopic
noticeable signs of biological response. This clinical view is
also supported by cell culture experiments showing that CFR-
PEEKPAN wear particles had no cytotoxic effects [33]. A
recent study described a complete different agglomeration
behavior of UHMWPE and CFR-PEEK particles in human
synovial tissue [22].

Patients undergoing revision surgery had a 14 times
higher risk for a subsequent complication than patients after
primary implantation. Besides the fact that revision surgeries
are technically more demanding, many of the patients in
the revision group had multiple prior operations (including
revision surgery because of septic loosening) and therefore a
very compromised bone and soft tissue quality. Among the
remaining evaluated risk factors, only age had a significant
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influence on the complication rate. Though, as mentioned
before, we have to admit that, due to the given sample size, the
influence of some risk factors, especially the comorbidities,
might have been underestimated. Further studies with larger
cohorts are necessary to confirm our results.

5. Conclusion

In conclusion, the EnduRo rotating hinge prosthesis provides
highly satisfying clinical and functional results in severe
primary as well as in revision cases. We showed an overall
survival rate of 78% after five years. Implant-associated com-
plications were rare, underlining the design improvements
of modern rotating hinge prostheses. However, in cases of
revision surgery, the risk for complications was considerably
high, mostly related to previous joint infections and poor soft
tissue quality.

Ethical Approval

The ethics committee of theMedical University of Vienna has
approved the study.

Conflicts of Interest

Alexander Giurea is an advising surgeon in Aesculap R&D
projects. All other authors declare that there are no conflicts
of interest regarding the publication of this article.

References

[1] O. Robertsson, M. Dunbar, K. Knutson, S. Lewold, and L.
Lidgren, “Validation of the Swedish knee arthroplasty register.
A postal survey regarding 30,376 knees operated on between
1975 and 1995,” Acta Orthopaedica, vol. 70, no. 5, pp. 467–472,
1999.

[2] K. L. Ong, F. S. Mowat, N. Chan, E. Lau, M. T. Halpern,
and S. M. Kurtz, “Economic burden of revision hip and knee
arthroplasty in medicare enrollees,” Clinical Orthopaedics and
Related Research, no. 446, pp. 22–28, 2006.

[3] J. J. Callaghan, M. R. O’Rourke, and S. S. Liu, “The role of
implant constraint in revision total knee arthroplasty: Not too
little, not too much,” The Journal of Arthroplasty, vol. 20, no. 2,
pp. 41–43, 2005.

[4] A. Gudnason, J. Milbrink, and N. P. Hailer, “Implant survival
and outcome after rotating-hinge total knee revision arthro-
plasty: a minimum 6-year follow-up,” Archives of Orthopaedic
and Trauma Surgery, vol. 131, no. 11, pp. 1601–1607, 2011.

[5] N. R. Pradhan, L. Bale, P. Kay, andM. L. Porter, “Salvage revision
total knee replacement using the Endo-Model� rotating hinge
prosthesis,”The Knee, vol. 11, no. 6, pp. 469–473, 2004.

[6] T. Gehrke, D. Kendoff, and C. Haasper, “The role of hinges in
primary total knee replacement,”The Bone & Joint Journal, vol.
96B, no. 11, pp. 93–95, 2014.

[7] B. Walldius, “Arthroplasty of the knee using an endoprosthesis.
8 years’ experience,” Acta Orthopaedica, vol. 30, pp. 137–148,
1960.

[8] R. L. Barrack, “Evolution of the rotating hinge for complex total
knee arthroplasty,” Clinical Orthopaedics and Related Research,
no. 392, pp. 292–299, 2001.

[9] P. A. Freeman, “Walldius arthroplasty. A review of 80 cases,”
Clinical Orthopaedics and Related Research, vol. 94, pp. 85–91,
1973.

[10] E. C. Jones, J. N. Insall, A. E. Inglis, and C. S. Ranawat,
“GUEPAR Knee Arthroplasty Results and Late Complications,”
Clinical Orthopaedics and Related Research, pp. 145–152, 1979.

[11] R. L. Barrack, “Rise of the rotating hinge in revision total knee
arthroplasty,” Orthopedics, vol. 25, no. 10, pp. 1020–1058, 2002.

[12] M. A. Kester, S. D. Cook, A. F. Harding, R. P. Rodriguez, and C.
S. Pipkin, “An Evaluation of the mechanical failure modalities
of a rotating hinge knee prosthesis,” Clinical Orthopaedics and
Related Research, pp. 156–163, 1988.

[13] D. J. Deehan, J. Murray, P. D. Birdsall, J. P. Holland, and I. M.
Pinder, “The role of the rotating hinge prosthesis in the salvage
arthroplasty setting,”The Journal of Arthroplasty, vol. 23, no. 5,
pp. 683–688, 2008.

[14] L. F. Draganich, J. B. Whitehurst, L. Chou, G. A. Piotrowski, L.
A. Pottenger, and H. A. Finn, “The effects of the rotating-hinge
total knee replacement on gait and stair stepping,” The Journal
of Arthroplasty, vol. 14, no. 6, pp. 743–755, 1999.

[15] Y. R. Farid, R. Thakral, and H. A. Finn, “Intermediate-Term
Results of 142 Single-Design, Rotating-Hinge Implants: Fre-
quent Complications May Not Preclude Salvage of Severely
Affected Knees,”The Journal of Arthroplasty, vol. 30, no. 12, pp.
2173–2180, 2015.

[16] B. Guenoun, L. Latargez, M. Freslon, G. Defossez, N. Salas,
and L.-E. Gayet, “Complications following rotating hinge Endo-
Modell (Link�) knee arthroplasty,” Orthopaedics & Traumatol-
ogy: Surgery & Research, vol. 95, no. 7, pp. 529–536, 2009.

[17] F. Hossain, S. Patel, and F. S. Haddad, “Midterm assessment of
causes and results of revision total knee arthroplasty,” Clinical
Orthopaedics and Related Research, vol. 468, no. 5, pp. 1221–
1228, 2010.

[18] G. Petrou, H. Petrou, C. Tilkeridis et al., “Medium-term results
with a primary cemented rotating-hinge total knee replace-
ment. A 7- to 15-year follow-up,” The Journal of Bone & Joint
Surgery (British Volume), vol. 86, no. 6, pp. 813–817, 2004.

[19] J. H. Yang, J. R. Yoon, C. H. Oh, and T. S. Kim, “Primary total
knee arthroplasty using rotating-hinge prosthesis in severely
affected knees,”Knee Surgery, Sports Traumatology, Arthroscopy,
vol. 20, no. 3, pp. 517–523, 2012.

[20] A. Giurea, H.-J. Neuhaus, R. Miehlke et al., “Early results of
a new rotating hinge knee implant,” BioMed Research Interna-
tional, vol. 2014, Article ID 948520, 8 pages, 2014.

[21] M. E. Charlson, P. Pompei, K. L. Ales, and C. R. MacKenzie, “A
new method of classifying prognostic comorbidity in longitu-
dinal studies: development and validation,” Journal of Chronic
Diseases, vol. 40, no. 5, pp. 373–383, 1987.

[22] A. C. Paulus, S. Hasselt, V. Jansson et al., “Histopathological
Analysis of PEEK Wear Particle Effects on the Synovial Tissue
of Patients,” BioMed Research International, vol. 2016, Article ID
2198914, 5 pages, 2016.

[23] R. A. Schierjott, A. Giurea, H.-J. Neuhaus et al., “Analysis of
Carbon Fiber Reinforced PEEKHingeMechanismArticulation
Components in a Rotating Hinge Knee Design: A Comparison
of in Vitro and Retrieval Findings,” BioMed Research Interna-
tional, vol. 2016, Article ID 7032830, 12 pages, 2016.

[24] J. N. Insall, L. D. Dorr, R. D. Scott, and W. N. Scott, “Rationale
of theKnee Society clinical rating system,”Clinical Orthopaedics
and Related Research, pp. 13-14, 1989.



BioMed Research International 7

[25] G. Stucki, D. Meier, S. Stucki et al., “Evaluation of a German
version of the WOMAC (Western Ontario and McMaster
Universities) Arthrosis Index,” Zeitschrift für Rheumatologie,
vol. 55, no. 1, pp. 40–49, 1996.

[26] F. D. Naal, F. M. Impellizzeri, M. Sieverding et al., “The 12-
itemOxfordKnee Score: cross-cultural adaptation intoGerman
and assessment of its psychometric properties in patients with
osteoarthritis of the knee,” Osteoarthritis and Cartilage, vol. 17,
no. 1, pp. 49–52, 2009.

[27] B. D. Springer, A. D. Hanssen, F. H. Sim, and D. G. Lewallen,
“The kinematic rotating hinge prosthesis for complex knee
arthroplasty,” Clinical Orthopaedics and Related Research, no.
392, pp. 283–291, 2001.

[28] U. Cottino, M. P. Abdel, K. I. Perry, K. C. Mara, D. G. Lewallen,
and A. D. Hanssen, “Long-term results after total knee arthro-
plasty with contemporary rotating-hinge prostheses,” Journal of
Bone and Joint Surgery - American Volume, vol. 99, no. 4, pp.
324–330, 2017.

[29] A. E. Pour, J. Parvizi, N. Slenker, J. J. Purtill, and P. F. Sharkey,
“Rotating hinged total knee replacement: use with caution,”The
Journal of Bone and Joint Surgery-American Volume, vol. 89, no.
8, pp. 1735–1741, 2007.

[30] T. H. Smith, B. V. Gad, A. K. Klika, J. F. Styron, T. A.
Joyce, and W. K. Barsoum, “Comparison of mechanical and
nonmechanical failure rates associated with rotating hinged
total knee arthroplasty in nontumor patients,” The Journal of
Arthroplasty, vol. 28, no. 1, pp. 62.e1–67.e1, 2013.

[31] N. Joshi and A. Navarro-Quilis, “Is there a place for rotating-
hinge arthroplasty in knee revision surgery for aseptic loosen-
ing?” The Journal of Arthroplasty, vol. 23, no. 8, pp. 1204–1211,
2008.

[32] T. M. Grupp, A. Giurea, R. K. Miehlke et al., “Biotribology of
a new bearing material combination in a rotating hinge knee
articulation,” Acta Biomaterialia, vol. 9, no. 6, pp. 7054–7063,
2013.

[33] G. I. Howling, H. Sakoda, A. Antonarulrajah et al., “Biological
response to wear debris generated in carbon based composites
as potential bearing surfaces for artificial hip joints,” Journal of
Biomedical Materials Research Part B: Applied Biomaterials, vol.
67B, no. 2, pp. 758–764, 2003.


