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A B S T R A C T   

Background: The purpose of the study is to evaluate reoperation rate and its relationship to preoperative me-
chanical axis of rotating-hinge TKA used as the primary implant in complex knees. 
Methods: Patients subjected to primary TKA with a rotating-hinge knee prosthesis due to primary osteoarthritis 
between 2010 and 2019 were retrospectively reviewed. Preoperative mechanical axis was measured using the 
last preoperative telemetry x-ray image. Preoperative axis was classified according to the type of deformity 
(varus or valgus) and its magnitude (0-15◦, 16-25◦ or >25◦). Reoperation rate (with or without implant removal) 
was the primary outcome of the current study. We studied if the preoperative mechanical axis (either varus- 
valgus, or magnitude of malalignment) was related to implant survival rate. 
Results: Forty-two patients were included in the study. Mean follow-up was 51.42 ± 31.88 months. The 83.3% of 
patients presented a valgus axis while the 16.7% presented a varus axis. Need of reoperation occurred in eight 
patients (19.0%). However, no patients (0%) required implant removal with revision TKA. No association was 
seen between the preoperative mechanical axis and risk of reoperation (p = 0.16). 
Conclusion: In selected situations that do not permit less constrained implants, primary rotating-hinge arthro-
plasty could be a good alternative. Risk of reoperation does not seem to depend upon the preoperative me-
chanical axis when using a rotating-hinge knee prosthesis for primary arthroplasty in non-tumoral complex 
knees.   

1. Introduction 

The number of primary total knee arthroplasty (TKA) cases is 
growing exponentially.1 There has been considerable evolution in pri-
mary TKA during the last years, with new designs, instruments and 
materials; allowing treatment of the majority of patients, and yielding an 
overall success rate of 82% at 25 years.2 

Hinge implants were developed to offer constraint in the sagittal and 
coronal planes, thereby providing stability in primary TKA in complex 
knees with collateral ligament insufficiency, severe varus or valgus 
deformity, relevant bone loss or hyperlaxity.3,4 The first generations of 
hinge implants allowed only flexion and extension, leading to poor re-
sults due to high transmission of torsional stresses at the bone-prosthesis 
interface, and patellar tracking disorders.5 New models of rotating-hinge 
implants also allow free rotation in the transverse plane, decreasing the 

rate of prosthesis loosening.6,7 

In selected complex primary knee replacements, studies of rotating- 
hinge systems have reported 10-year survival rates ranging between 
51% and 92.5%.4 Generalization of the data can be difficult due to 
differences in the implant model used, the indication criteria for TKA 
surgery and the patient’s preoperative mechanical axis. 

The aim of the current study was to evaluate reoperation rate and its 
relationship to preoperative mechanical axis when using a single model 
of rotating-hinge TKA as primary implant in non-tumoral complex knee 
replacement. Our hypothesis states that in selected patients in whom 
implantation of an unconstrained prosthetic model is not recommended, 
use of a rotating-hinge prosthesis for primary arthroplasty may provide 
satisfactory survivorship regardless of preoperative mechanical axis. 
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2. Methods 

2.1. Study design 

A retrospective case series study was performed. Using our in-
stitution’s database, we selected patients who received primary TKA due 
to primary osteoarthritis using the Endo-Model Rotational Knee Pros-
thesis (Endo-Model Rotating-Hinge Knee Prosthesis; Waldemar Link 
GMBH & Co, Hamburg, Germany) between January 2010 and December 
2019. All participants provided informed consent. We studied if the 
preoperative mechanical axis (either varus-valgus, or magnitude of 
malalignment) was related to implant survival rate. 

The inclusion criteria were: a) adult patients, b) use of primary 
rotating-hinge TKA, c) primary osteoarthritis as indication criteria for 
surgery, d) availability of preoperative telemetry x-ray image, and e) 
minimum follow-up of two years. Patients who did not meet the inclu-
sion criteria were excluded from the study. 

2.2. Studied parameters 

Patient demographic, clinical and radiological records were 
collected preoperatively, postoperatively, and during the follow-up 
period. Reoperation rate was the primary outcome of the current 
study. Reoperation was defined as the need of further surgery after TKA 
implantation, with or without implant removal. During follow up, need 
of reoperation, time to reoperation and its treatment were studied. We 
also categorized the causes for reoperation: mechanical failures due to 
periprosthetic fracture, aseptic loosening, patellar complications, 
instability or rigidity, and non-mechanical failures due to infection or 
soft tissue problems. Mortality during follow up was recorded too. 

Demographic data included patient age at the time of surgery, 
gender, and ASA (American Society of Anaesthesiologists) classification. 
The indication criteria for primary TKA using a rotating-hinge model 
were also recorded. All the patients of the study were operated on due to 
primary osteoarthritis with coronal deformity or collateral ligament 
insufficiency. In order to analyse a homogeneous population, patients 
who presented other indication criteria were excluded. 

Preoperative mechanical axis was studied using the last preoperative 
telemetry x-ray image. Preoperative axis was classified according to the 
type of deformity (varus or valgus) and its magnitude (0-15◦, 16-25◦ or 
>25◦). These radiological parameters were measured a single time by 
two general orthopedic surgeons. The digital templating program 
TraumaCad® version 2.0 (BrainLab, Feldkirchen, Germany) was used 
for the analysis. The lack of a correct preoperative telemetry x-ray image 
allowing to measure the mechanical axis was considered an exclusion 
criterion. 

2.3. Statistical analysis 

The statistical study was performed using the Stata® statistical 
program, version 14.1 (StataCorp, College Station, TX). Descriptive 
statistics were used to present the cohort’s characteristics. Categorical 
variables were described by their absolute values and percentages. 
Continuous variables were presented by their mean, deviation and 
range. Normality was tested using the Kolmogorov-Smirnov test. Dif-
ferences in risk of failure according to patient age, ASA score or me-
chanical axis were studied using Mann-Whitney, Kruskal-Wallis and 
Pearson’s chi square tests. All p-values were two-sided, and statistical 
significance was defined as p < 0.05. 

3. Results 

Of the 373 TKAs operated upon in our institution using the Endo- 
Model Rotational Knee Prosthesis (Waldemar Link GMBH & Co, 
Hamburg, Germany) during the studied period, 300 were revisions. 
These cases were excluded, leaving 73 knees that had undergone 

primary TKA. Among them, 12 patients were excluded because their 
preoperative telemetry x-ray image was not available and 19 because 
their indication criteria for surgery was not primary osteoarthritis (4 
fractures, 6 sequels of haemophilia, 6 post-fracture/infection osteoar-
thritis and 3 avascular necrosis). Finally, 42 patients met our inclusion 
and exclusion criteria, and were available for analysis. Mean follow-up 
was 51.42 ± 31.88 months. Patient characteristics are shown in Table 1. 

Preoperative mechanical axis analysis is shown in Table 2. The 
83.3% of patients presented a valgus axis while the 16.7% presented a 
varus axis. 

Need of reoperation (with or without implant removal) occurred in 
eight patients (19.0%), (Table 3). Five patients (11.9%) had mechanical 
failures; all were extensor mechanism complications that were suc-
cessfully treated through an extensor mechanism realignment. Three 
patients (7.1%) had non-mechanical failures; all were infection com-
plications, that solved after DAIR surgery (debridement, antibiotics, 
polyethylene insert exchange and implant retention). However, it 
highlights that no patient required implant removal with revision TKA. 
No periprosthetic fracture or aseptic loosening was recorded. 

No association was seen between the preoperative mechanical axis 
(either varus-valgus, or magnitude of malalignment) and risk of reop-
eration (p = 0.16), (Table 2). 

There were no statistically significant differences in risk of reoper-
ation based on patient age (p = 0.4) or ASA score (p = 0.37). 

4. Discussion 

Our most important finding was that, interestingly, preoperative 
mechanical axis (either varus-valgus, or magnitude of malalignment) 
was not significantly related to risk of reoperation (p = 0.16). This 
finding is clinically relevant because it supports the use of primary 
rotational-hinge prostheses in the most severe cases of malalignment 
(Fig. 1). To the best of our knowledge, there is little literature studying 
this association in the rotating-hinge primary TKA scenario. 

It has been defended that severe preoperative coronal deformities 
can result in greater risk of implant failure in unconstrained TKA, and 
that correction of the malalignment can decrease this risk.8 Regarding 
preoperative varus deformity, however, some authors have stated that it 
does not affect survival rates in neutral-aligned TKAs.9 Moreover, Gue-
noun et al.10 pointed out that a preoperative axial deviation in varus 
>10◦ seemed to be a protective factor against failure. On the other hand, 
results are prone to be worse when correcting knees with preoperative 
valgus malalignment.11 As higher coronal deformity is linked to more 
complex TKA surgery and more difficulty to achieve normo-alignment, 
an increased failure risk could be expected. However, we found no 
relationship between preoperative mechanical axis and reoperation rate 
when using primary rotational-hinge prostheses. The results observed in 
our study could be explained by the capacity of these models to achieve 
stable and well-aligned primary TKA regardless of preoperative axis. 
Similar to us, Rodríguez-Merchán4 and Gehrke et al.3 defended that 
these prosthesis compensated well for deformity and ligamentous 
insufficiency, being a good therapeutic option for cases with severe 
preoperative coronal malalignment. Petrou et al.12 and Yang et al. were 

Table 1 
Baseline characteristics of patients.  

Number of patients 42 
Age (years) 

(mean ± standard deviation, [range]) 
75.02 ± 8.33 [50–86] 

Gender (Female:Male) 33:9 (78.6%:21.4%) 
ASA-score (%)  
•ASA-I •01% 
•ASA-II •55% 
•ASA-III •43% 
•ASA-IV •01% 

ASA (American Society of Anaesthesiologists Physical Status Classification). 
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able to correct coronal malalignment in all the knees of their series, 
achieving excellent survival rate at 15 years. 

Analysing complications among our patients, the 19.0% of them 
required reoperation. However, it highlights that no patients (0%) 
required implant removal with revision TKA. With regard to complica-
tions, the literature is heterogeneous. While some studies showed 
promising clinical results and survival rates, others reported high 
complication rates. In the EFORT review,4 rotating-hinge implants were 
said to have 10-year survivorship in the range of 51–92.5%, and a 
complication rate of 9.2–63%. It was proposed that these wide-ranging 
outcomes result from variations in implant design, indications, and 
quality of surgical technique. Gehrke et al.3 obtained a complication rate 
of 10% after a mean follow-up of 13 years in their series of 141 
rotating-hinge primary TKA. In a large meta-analysis (1425 prostheses) 
performed by Abdulkarim et al.,6 short-term and mid-term implant 
survival rate was 92% and 82% respectively. They maintained that the 
complexity of complications in this scenario should not be under-
estimated. In a very large monographic series, Zinck et al.13 reviewed 
2682 primary rotating-hinge implants and reported a failure rate of 
1.4%, after a mean follow-up of 64 months. Excellent survival rates at 15 
years were also reported by Petrou et al.12 and Yang et al.,14 96.1% and 
87% respectively. Complication rates similar to ours were found by 
Bistolfi et al.7 (20.2% at 10 years), Cottino et al.15 (22.5% at 10 years) 
and Neri et al.5 (25% at 7 years). Most authors consider such compli-
cation rates acceptable, in light of the surgery’s complexity. Higher 
failure rates were found by Guenoun et al.10 and Smith et al.,16 30.8% at 
36 months and 45.9% at 72 months respectively. 

In our series, reoperation due to infection (7.1%) and extensor 
mechanism complications (11.9%) were noteworthy. We agree with the 
literature’s consensus that infection is the primary cause of 
failure.5–7,10,12,14,15,17,18 The high infection rate in this scenario could be 
explained by the complexity of the surgery, extensive soft-tissue 
dissection, longer-duration procedures and patient comorbidities. 
Many articles have also reported high extensor mechanism complication 
rates.3,10,12,14,18 Some authors prefer non-rotating-hinge implants in 
case of severe valgus malalignment to improve patellar tracking,3 others 
prefer to avoid replacing the patella,12 or to perform a lateral release.14 

In our case series of primary non-tumoral prostheses, the most 
common indication for surgery was primary osteoarthritis with coronal 
deformity (74% of patients, most with severe valgus deformity), fol-
lowed by sequels of haemophilia (8.2%) and fracture (5.5%). Abdul-
karim et al.6 performed a meta-analysis (11 articles, 1425 prostheses) in 
which they found that among non-tumoral patients the most common 
indication for primary rotating-hinge TKA was osteoarthritis. Other in-
dications included rheumatoid arthritis, post-traumatic arthritis, frac-
ture malunion, Charcot arthropathy and poliomyelitis. This 
predominance of osteoarthritis is comparable to our results, and com-
mon among the reviewed articles.5,7,10,12,14,18,19 Due to the higher risk 
of revision, primary constrained prostheses are only recommended for 
complex situations in which use of unconstrained implants is not 
allowable,7,19,20 such as knees with collateral ligament insufficiency, 
severe varus or valgus deformity, relevant bone loss or hyperlaxity.3,4 

Martin et al.19 demonstrated an increased reoperation rate, two times 
higher at 10 years and three times higher at 20 years. 

Another point to consider when implanting constrained prostheses is 
patient age. Gehrke et al.3 recommended that such implants should be 
reserved for elderly patients (>75 years), as they found lower survival 
rate in younger patients. Other studies have also observed lower survival 
rate in younger patients (<60 years), likely due to aseptic loosening.15,20 

In our series, the average patient age was 75.02 ± 8.33 years, reserving 
primary rotating-hinge TKA for older patients. However, in our most 
severe cases, we chose rotating-hinge TKA regardless of age, due to the 
impossibility of achieving joint stability with less constricted implants. 
We did not find statistically significant differences in reoperation risk 
related to patient age (p = 0.4). It might be explained by the fact that 
most patients who underwent constrained primary TKA in our 

Table 2 
Preoperative mechanical axis.  

Preoperative mechanical axis Number of patients, N (%)a Failure rateb, N (%) 

•Varus axis •7 (16.7%) •1 (14.3%) 
o 0-15◦ o 1 o 0 (0%) 
o 16-25◦ o 5 o 1 (20%) 
o >25◦ o 1 o 0 (0%)  

•Valgus axis •35 (83.3%) •7 (20%) 
o 0-15◦ o 10 o 2 (20%) 
o 16-25◦ o 20 o 3 (15%) 
o >25◦ o 5 o 2 (40%) 

Patients were classified according to the type of deformity (varus or valgus) and 
its magnitude (0-15◦, 16-25◦ or >25◦). Failure rate according to the preoperative 
mechanical axis was analysed. 

a Percentage over 42 patients (all patients of the study). 
b P-value = 0.16 (no statistically significant). 

Table 3 
Failures and their treatment.  

Type of Failure Failure Number of 
patients (%)a 

Treatment 

Mechanical 
failure 

Extensor mechanism 
complication 

5 (11.9%) Extensor 
mechanism 
realignment 

Non-mechanical 
failure 

Septic 3 (7.1%) DAIR surgery 

DAIR (Debridement Antibiotics and Implant Retention). 
a %: of total patients of the study (42 patients). 

Fig. 1. A) Lower limb telemetry showing a 76-year-old patient suffering pri-
mary knee osteoarthritis with severe valgus deformity (28◦). B) Post-operative 
lower limb telemetry of the same patient demonstrating coronal malalignment 
correction. A primary rotating-hinge TKA was correctly implanted. 
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institution were older. However, the relationship between survival rate 
and age is not uniformly reported in the literature; some authors showed 
that survival was not influenced by age.12 

There are some limitations to the current study. The first limitation 
lies in the study’s retrospective nature. Another important limitation is 
that sample size is relatively small (42 patients), which could under-
power our study. Furthermore, follow-up is relatively short (51.42 ±
31.88 months). Larger cohorts and longer follow-ups are necessary for 
better definition of outcomes. One strength of this study is its homoge-
neity. All the included patients were operated on by surgeons of the 
same knee unit, indication criterion for surgery was always primary 
osteoarthritis and only one model of prosthesis was implanted. 

In conclusion, in selected situations that do not permit less con-
strained implants, primary rotating-hinge arthroplasty could be a good 
alternative. Risk of reoperation does not seem to depend upon the pre-
operative mechanical axis when using a rotating-hinge knee prosthesis 
for primary arthroplasty in non-tumoral complex knees. 
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