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Abstract

Introduction Rotating-hinge knee implants are highly

constrained devices able to provide the stability needed for

arthroplasty in case of severe bone loss and complex

instability. Notable doubts still exist in using rotating-hinge

devices, mainly due to risk of mechanical failure and risk

of infection.

Materials and methods We retrospectively evaluated the

functional and clinical outcomes in a series of patients

treated with the rotating-hinge Endo-Model prosthesis

either for primary or revision total knee arthroplasty.

Between 1997 and 2009 we implanted 123 Endo-Model

prosthesis (118 patients) at our institution. At the time of

this study we could evaluate 45 prosthesis (25 primary and

20 revision TKAs) from the clinical and radiological site,

with average follow-up of 42.2 months.

Results During the follow-up period, three patients

reported complications, which in two cases finally led to

revision with explantation. Mean survival of the implants

attested at 93.3 %. The average post-operative clinical

Knee Society score in the evaluated series was 94.2, the

functional one 78.7. The average range of motion was 0�–

108�. No signs of joint instability or misalignment were

noted. Pain was present in a minority of patients, but

always at a mild/occasional extent. No evidences of loos-

ening or implant failure have been reported. No substantial

divergences in the outcomes have been found across dif-

ferent patient categories after stratification in agreement

with the Knee Society.

Conclusions Coherent with previously published works,

we confirm the Endo-Model prosthesis to provide excellent

pain relief, restoration of walking capacity and intrinsic

knee stability both in complex primary and in revision knee

arthroplasty, with good or excellent results in the majority

of patients and acceptable complication rate.
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Introduction

Constraint is defined as the effect of elements of the knee

implant design that provide stability needed in presence of

a deficient soft tissue envelope. The choice of an adequate

constraint degree, while planning a total knee arthroplasty,

represents one of the fundamental factors upon which the

successful outcome depends [1, 2]. In severely affected

knee with serious bony and ligamentous defects, a high

constrained total knee device represents a treatment option

able to restore and maintain the correct anatomical axis as

well as to confer the joint stability impossible to obtain

with lower constraint implants [3]. Rotating-hinge designs

are described to deal with such instances of severe loss of

bone stock, gross ligamentous instability, combined

deformities, oncologic surgery and salvage situations both

in primary and revision surgery. By mean of the rotational

degree of freedom and design features these implants

provide high constraint and great inherent stability while

avoiding patellofemoral instability and torsional stresses to

load at the prosthesis/cement/bone interface [1, 3]. This

finally leads to longer survival and better clinical outcomes

F. Sanguineti � T. Mangano (&) � M. Formica � F. Franchin

Department of Orthopaedics and Traumatology, University of

Genova, School of Medicine, Padiglione 40, Largo Rosanna

Benzi 10, 10132 Genova, Italy

e-mail: twmangano@gmail.com

123

Arch Orthop Trauma Surg (2014) 134:1601–1607

DOI 10.1007/s00402-014-2061-1



with respect to previous rotating-hinged devices, despite

contradictory results are present in the literature.

Notable doubts still exist in using rotating-hinge devi-

ces, mainly due to risk of mechanical failure and risk of

infection, with variable survival rates and outcomes rang-

ing from excellent to poor [4–7]. Despite recent encour-

aging reports, a clear answer to the rising question of

whether the outcome quality is implant specific, or rather

more generally published outcomes are conditioned by the

concept itself of a rotating-hinge prosthesis, is still lacking.

The purpose of this study was to retrospectively evaluate

the clinical, functional and radiographic outcomes in a

series of patients treated with the long-stemmed cemented

Endo-Model� rotating-hinge prosthesis (Waldemar Link

GMBH & Co, Hamburg, Germany) (Fig. 1) both in com-

plex primary surgery and revision setting.

Patients and methods

Between January 1997 and December 2009 we performed

123 total knee arthroplasties (TKA) in 118 patients with the

Endo-Model prosthesis, at our institution. Of these, 75

were primary implants and 48 revisions. The drop out

proportion was 64.4 %, involving 76 patients. Of these

patients, 23 died for unrelated causes, 12 were unwilling to

participate in the study, 22 were unable to participate

because of medical comorbidities, and 19 were lost during

follow-up. At the time of this study we could evaluate 42

patients and 45 prosthesis (25 primary and 20 revision

TKAs). For the evaluated knees, indications for surgery are

summarized in Table 1. When considering both primary

and post-traumatic osteoarthritis (OA), we chose the Endo-

Model device for those patients showing severe axial

deformities and/or gross instability. Rheumatoid patients

were always subjected to multiple arthritis, with severely

impaired knee joint and ligamentous laxity. In the revision

setting, implant loosening with high degree of bone loss,

as well as severe residual instability and comminuted

periprosthetic fractures were the indications for surgery.

The average follow-up was 42.2 months (range

20–128 months). There were 38 female and 4 male in our

study. The mean age at the time of surgery was 74 years

(range 50–84 years). Informed consent was obtained from

all patients for being included in the present study.

All operations were performed using the tourniquet at

the tight and a combination of intramedullary femoral and

extramedullary tibial alignment guides. We used the same

approach in all cases, involving a straight midline incision

combined with a medial parapatellar arthrotomy and lateral

patella luxation. Both spaces (flexion and extension) had

been balanced using spacers to obtain a good range of

motion. The patella was never resurfaced. In all cases we

used a cemented long-stemmed implant with patellar

flange, anti-luxation device and rotational feature. Antibi-

otic-loaded cement was used in case of revision surgery.

All of the procedures were carried out by the senior author

(FF), in a standard operating theater. A prophylactic, first-

generation cephalosporin was used peri-operatively and for

2 days post-operatively. Thromboprophylaxis was con-

ducted by mean of low-molecular weight heparin admin-

istration peri- and post-operatively for 35 days. After

removal of the suction drain, usually on the second post-

Fig. 1 The long-stemmed cemented Endo-Model� rotating-hinge

prosthesis (Waldemar Link GMBH & Co, Hamburg, Germany) with

anti-luxation device

Table 1 Indications for Endo-

Model implantation in primary

and revision surgery in the

evaluated series

Indications Number of

knees

Primary surgery

cases

25

Primary OA 16 (64 %)

Post-traumatic

OA

3 (12 %)

Rheumatoid

arthritis

6 (24 %)

Revision surgery

cases

20

Aseptic

loosening

13 (65 %)

Infection 5 (25 %)

Periprosthetic

fracture

2 (10 %)
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operative day, patients began knee motion using a contin-

uous passive motion machine (Kinetec CPM System,

Patterson Medical, Warrenville, IL) for about 2 h daily.

Full weight bearing was allowed after 4 days using 2 canes.

Patients were discharged soon after the first week and

continued the rehabilitation program for three more weeks

in a dedicated center.

Besides routine post-operative controls (at 3, 6,

12 months after surgery, and annually thereafter) all of the

enrolled patients were further evaluated in a single follow-

up solution, in which data were collected for this study, by

mean of clinical and functional analysis. In this setting, the

post-operative Knee Society rating system (0–100 clinical,

0–100 functional) was determined for each evaluated knee

[8] and new radiographs obtained. Complete preoperative

and post-operative data were present for the total of the

enrolled patients. Three authors (FF, FS, TM) indepen-

dently examined anteroposterior and lateral radiographs at

latest follow-up for gross signs of loosening such as pro-

gressive radiolucencies, changes in implant position, dis-

location or breakage of the implant, signs of instability or

malalignment. No radiographic rating system was used.

Data were collected and statistically analyzed. We reported

categorical variables as frequencies (percent) and contin-

uous variables as means ± standard deviations (sd). For

comparing continuous variables, we used the Mann–

Whitney U test for two unpaired groups and the Kruskal–

Wallis test for more than two groups. A p value\0.05 was

considered to be statistically significant.

Results

Survivorship analysis

Defining failure as revision for any reason, mean prosthesis

survival in the evaluated series was 95.5 % (95 % confi-

dential interval CI 89.4–100 %) at 1 year and 93.3 %

(95 % CI 85.8–100 %) at 5 years from surgery (96 % for

primary, 95 % for revision implants). This value then

remained stable until the end of the follow-up period.

Failure of the implant was reported in three cases and in

two of them resulted in explantation, leaving 43 implants

available for subsequent clinical and radiographic

evaluation.

Clinical and radiographic findings

Patients enrolled in the study were clinically and func-

tionally evaluated at latest follow-up visit with definition of

the Knee Society score and assessing of individual satis-

faction degree. A broad analysis of recent and precedent

radiographs was carried out. 24 primary implants and 19

revision implants were evaluated.

The mean post-operative active knee flexion was 1088
(range 708–1258). Extension deficits were present in two

knees, ranging from 58 to 108, probably due to femoral

component positioning in slight flexion, without conse-

quences on pain and function. No extensor mechanism

deficits were found in the evaluated series. Mean Knee

Society clinical score was 94.2 (range 71–100). Mean

functional score was 78.7 (range 0–100). We did not find

significant differences between Knee Society scores in

primary and revision implants (outcomes are summarized

in Table 2). Stratification of the patients in categories as

suggested by the Knee Society also revealed no substantial

differences, despite a lower value in the functional score in

the C category (Table 2). We found neither evidence of

post-operative tibiofemoral instability nor deficiencies at

the knee extensor mechanism. Pain was present in 9 out of

43 knees (7 revision and 2 primary implants), but always at

a mild or occasional extent, never compromising day-life

activities. In one case pain was mainly referred to the

patellar bone, despite no evidence of patellar maltracking.

20 out of 40 patients were highly satisfied, 12 moderately

satisfied with the outcome. A low satisfaction degree was

reported in eight patients: of note, belonging to this group

were five patients with extremely low functional outcome

Table 2 Mean (standard deviation) range of motion (ROM) and

post-operative Knee Society score in the evaluated knees in primary/

revision surgery categories and A–B–C categories

Patient

category

No. of

knees

ROM (flexion

degrees)

Post-operative Knee

Society Score

Clinical Functional

Total 43 108.08 (17.3) 94.2

(6.5)

82.6

(15.7)

Primary

implants

24 112.68 (11.8) 95.9

(4.3)

86.8

(11.4)

Revision

implants

19 102.18 (21.3) 92.0

(8.0)

77.6

(18.7)

p valuea 0.28 0.18 0.27

A 19 107.48 (18.1) 94.4

(6.3)

87.4

(10.6)

B 13 110.88 (17.8) 94.8

(5.2)

83.7

(12.6)

C 11 105.78 (16.3) 93.1

(8.4)

72.0

(22.5)

p valueb 0.73 0.84 0.06

p values resulting from the statistical analysis are in italics

A unilateral or bilateral (opposite knee successfully replaced), B uni-

lateral, other knee symptomatic, C multiple arthritis or medical

infirmity
a Mann–Whitney U test
b Kruskal–Wallis test
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often related to multiple arthritis or medical infirmity (i.e. C

category patients) and three young and active patients who

complained pain or discomfort while walking and climbing

the stairs. At the time of the study, 10 patients did not use any

aid in outdoor walking, 28 patients had to use one or two

canes, and 2 patients where wheelchair bounded.

In the X-rays analysis, there was no evidence of changes

in the tibiofemoral alignment in comparison with early

post-operative radiographs. No signs of implant loosening

(progressive radiolucencies or component migration) or

breakage of the implant were found, as well as signs of

polyethylene wear. Furthermore, no evidence was found of

cortical hyperostosis around the stems of the components.

Complications

One intra-operative complication was observed, with per-

foration of the femoral shaft and minimal cement effusion,

in a revision surgery setting. Passive physical therapy was

allowed immediately after surgery, and full weight bearing

1 week later. This patient underwent no consequences from

the clinical or functional point of view.

Reported failures include two dislocations and one

deep infection. One case of dislocation was due to mal-

position of the polyethylene tibial plateau during the

surgical procedure for primary TKA. Ten months after

surgery, this finally led to explantation of the device, but

the revision procedure was carried out in other ortho-

paedic structure and we presently lack any other infor-

mation about this patient. A second case of dislocation

was due to accidental trauma occurring in the rehabilita-

tion period in a patient receiving Endo-Model for aseptic

loosening of a primary TKA implant. Early surgical

management with substitution of the polyethylene plateau

resulted in satisfactory outcome. At the time of this study,

5 years after surgery, the patient was pain free and no

sign of instability was present. She received 98 clinical

and 100 functional knee score and was completely satis-

fied of her knee (Fig. 2). The unique case of deep

infection was reported in a 56-year-old patient who

received the Endo-Model device as a revision implant

after septic mobilization of a primary TKA. Four years

after surgery, she underwent an infection relapse, and the

Endo-Model prosthesis was substituted with a similar

Fig. 2 a X-rays of a case of

early traumatic dislocation of

the prosthetic components

treated with surgical reduction

and polyethylene substitution;

black dots have been used to

highlight the dislocated tibial

tooth. b Radiographic analysis

at the time of the study, 5 years

after revision surgery. c–

g Clinical evaluation at the time

of the study
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constrained implant through a two-staged procedure. No

cases of deep-vein thrombosis were reported.

Discussion

Rotating-hinge total knee prosthesis are widely used

implants for the treatment of severely deformed knees as

well as in revision knee surgery, when dealing with

extensive osteolysis, massive bone loss and persistent

complex instability [1, 9–11]. Rotating-hinge devices

confer great inherent stability to the knee by mean of a link

between the tibial and femoral components that restricts

varus–valgus and translational stresses. These components

permit rotation of the tibial bearing around a yoke on the

tibial platform, then reducing the stresses transmitted to the

implant/cement/bone interface and the risk of loosening or

early failure as well. Outcomes associated with recent

rotating-hinge devices yield a substantially better clinical

result and implant survival compared to suboptimal out-

comes of earlier designs [11]. However, published results

using this kind of implants for nontumor reconstruction

have varied from acceptable to poor, leaving unsolved

general questions about safety, survival and functional

results [2–7, 9, 11–24]. Furthermore, whether these dif-

ferences relate to specific design features or to the general

concept of a rotating-hinged implant is still unclear [4].

Our study was carried out to contribute to this still running

controversy while determining survival rate and clinical,

functional and radiographic outcomes in a series of patients

who received the Endo-Model rotating-hinge knee pros-

thesis at our institution, either for primary or revision knee

surgery.

This study has several shortcomings. First, it is a ret-

rospective study and the number of patients is limited.

Similar to other works [3, 4, 11, 17–19, 27], in our series

the average age of patients was high at the time of surgery

(74 years): the high mortality rate in these patients during

the follow-up period as well as the impossibility to par-

ticipate in the study due to advanced age and medical

comorbidities are important factors in determining the

consistent drop out proportion. The use of the Endo-Model

rotating-hinge is mainly based on surgeon experience, and

this could represent an important bias for the use of this

device and the associated clinical outcomes. However, the

relative ease of the surgical technique and simplicity of the

instrumentations with respect to previous rotating-hinge

implants should be regarded as important features, allow-

ing a high degree of reproducibility.

The Endo-Model prosthesis we used is a fully cemented

non-modular implant with long intramedullary stems,

endowed with patellar flange, anti-luxation device and

rotational feature. Despite some concerns from several

authors, regarding the long cemented stems, our study

supports this prosthetic design and confirms its ability in

tolerating forces at the bone/cement/prosthesis interface

without increasing the aseptic loosening rate. Non-

cemented press-fit stems are now available from the man-

ufacturer for both femoral and tibial components; these will

avoid the technical complexities with cement removal in

case of revision surgery. Despite the high degree of con-

straint, the implant we used was not associated with cases

of early dramatic loosening, massive failures or component

ruptures due to abnormal stress transfer: this is in line with

other authors’ data [24, 25] and indirectly confirms the

biomechanical reliability of the prosthetic design. The

average follow-up in our series was 42.2 months. We

evaluated 25 primary and 20 revision implants. At the time

of the study mean survival rated 93.3 %. Mean clinical and

functional KSS were 94.2 and 78.7, respectively, with

mean active knee flexion of 1088. Reported data are

coherent with previously published results about this kind

of implant [3, 11, 22–28]. In line with a recent work from

Efe et al. [26], despite a slight flexion in the mean func-

tional score we did not find statistically significant differ-

ences when comparing results obtained in the primary

surgery group and in the revision group of patients. Similar

results were obtained when comparing outcomes after

patients’ stratification in agreement with the Knee Society

suggested categories. In their works, some authors reported

lower values of functional score [3, 22–27]. This could be

ascribed to follow-up longer than ours, to different pro-

portion of primary and revision TKAs, and to different

incidence and severity of comorbidities in the evaluated

series as well [7].

In our series, pain was present in 21 % of patients: it

never represented a limiting factor in day-life activities, but

greatly influenced the subjective degree of satisfaction,

especially in younger and more active patients. We do not

routinely resurface the patella, but we always pay great

attention in correcting patellofemoral alignment and

patellar tracking. Anterior knee pain was present in one

patient, in our series, despite no evidence of patellar mal-

tracking. We hypothesize pain could be ascribed, in this

case, to the underlying rheumatoid arthritis [3].

Neither sign of residual tibiofemoral instability was

noted, nor radiographic signs of component loosening or

subsidence. Only one case of deep infection was reported,

in a patient who received the Endo-Model prosthesis in a

two-stage revision setting for previous septic mobilization.

On the other side, no infections occurred in the primary

surgery group of patients. Some authors have previously

described problems with dislocation of the Endo-Model

implant, despite an anti-dislocation feature [5, 6, 20]. In our

series we observed two cases of tibiofemoral dislocation.

One of these was due to incorrect surgical technique. The
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other one followed accidental trauma during the rehabili-

tation program. No cases of dislocation due to imbalance of

the flexion–extension gap and consequent instability were

noted [3, 6]. Global revision rate attested at 6.7 %.

As the population gets older, the revision burden

increase and complex primary knee surgeries as well.

Reconstruction with rotating-hinge total knee prosthesis

can provide substantial improvement in function and

reduction in pain in severely affected knee. Several pub-

lished works carried out skeptic conclusions about the use

of these kind of implants because of high risk of compli-

cations due to its constrained characteristics and difficulties

in case of revision. We agree with authors suggesting

rotating-hinge prosthesis should be reserved to elderly low-

demanding patients and salvage situations. Nevertheless,

we confirm results observed since the historical work of

Engelbrecht et al. [29], and we believe the Endo-Model

implant represents a suitable solution both in complex

primary and revision surgery, able to provide good or

excellent clinical results in the majority of patients. Despite

some limitations arising from being a non-modular system,

this implant requires limited bone resections with respect to

other rotating knees and CCK implants, and shows a high

degree of adaptability to the majority of the anatomic and

clinical situations. This feature will be further enhanced

and the surgical technique further eased by the introduction

of modular components [30].

It is difficult to compare different kinds of prosthesis,

even if they share the same design, because of heteroge-

neity in the series and different follow-up times. It is of

note, however, that among published results about pros-

thesis with rotating-hinge design, the Endo-Model pros-

thesis is commonly associated with excellent survival rates

and limited variability among different series (Table 3).

Our results support the use of Endo-Model in patients with

deformed or malaligned knees, in presence of serious bony

and ligamentous defects, both in primary and revision

surgery. When considering other authors’ data and ours, we

are confident the hypothesis that published variable results

could be related to the concept itself of a rotating-hinge

device seems at least questionable. Further implant-specific

revision studies and indication-oriented revision studies are

auspicated. While attention should always be paid to ade-

quate surgical technique and correct indications for sur-

gery, the Endo-Model device remains a viable option in

knee surgery for most difficult cases.
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Table 3 Main published series survivorship results with Endo-Model rotating-hinge in nontumor use

References Year Number of knees Primary or revision surgery Mean f.u. in months (range) Mean survival (%)

Engelbrecht et al. [29] 1981 1,075 Prim/Rev – (24–180) 90

Argenson et al. [28] 2000 194 Prim/Rev 75 (24–120) 92

Petrou et al. [3] 2004 100 Prim 122 (84–180) 96.1

Pradhan et al. [11] 2004 51 Rev 48 (24–72) 100

Joshi et al. [27] 2008 78 Rev 94 (56–130) 88.5

Guenoun et al. [7] 2009 85 Prim/Rev 36 (0–99) 89.4

Gunadson et al. [22] 2011 11 Rev 106 (60–216) 89.2

Yang et al. [23] 2012 50 Prim 180 (120–216) 87

Efe et al. [26] 2012 49 Prim/Rev 56 (10–33) 95 (Prim)

76 (Rev)

Bistolfi et al. [24] 2013 72 Prim 174 (156–193) 75.8

Bistolfi et al. [25] 2013 53 Rev 155 (78–240) 80.4

Zhang et al. [30] 2014 30 Prim 36 (18–48) 100

This work 2014 45 Prim/Rev 42 (20–128) 93.3 (tot)

96 (Prim)

95 (Rev)
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