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Abstract

Introduction Data on long-time survival and clinical

function of rotating hinge knee prostheses used in revision

total knee arthroplasty (TKA) are scarce.

Method We evaluate the outcome of 42 revision TKA in

38 patients using the Endo-model rotating hinge total knee

prosthesis after a minimum of 6 years, with 10-year

implant survival as our primary outcome measure. Only

revision TKAs performed due to aseptic loosening were

included, and the Swedish Knee Arthroplasty Register was

consulted in order to ensure that patients unavailable for

clinical follow-up had not been revised elsewhere. Mean

follow-up was after 8.8 (6–18) years, mean age at revision

surgery was 72 (55–88) years, and most patients had severe

medical comorbidities (n = 31).

Results At follow-up, four knees had been re-revised due

to aseptic loosening, and five further knees underwent re-

revision due to other reasons. With implant revision due to

aseptic loosening as the endpoint, 10-year survival was

89.2%, and with implant revision due to any reason 10-year

survival was 65.1%. 11 patients (13 knees) eligible for

clinical follow-up were evaluated according to the Hospital

for Special Surgery score (HSSS), the Knee Society scores

(KSS), and by plain radiography. Mean HSSS was 67

(36–90), mean KSS-knee was 85 (73–96), and mean KSS-

function was 29 (0–100). Radiography showed that no

implant was in need of revision.

Conclusion Our results indicate that revision arthroplasty

of the knee with this rotating hinge prosthesis can be

performed with satisfactory or good results in an elderly

population with severe comorbidities.
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Introduction

Historically, the hinged knee prosthesis design represented

the first generation of implants in total knee arthroplasty

(TKA) [36]. Early loosening, osteolysis, and excessive

wear that were due to the highly restricted biomechanics of

early hinged designs instigated the development of new

devices with rotating hinge mechanics [3, 4]. Rotating

hinge implants are still in use even in primary TKA,

especially if severe deformities or ligament instability are

present [22]. However, since resurfacing devices of the

knee dominate in primary TKA, third-generation rotating

hinge prostheses are nowadays mostly reserved for difficult

revision arthroplasty, salvage procedures after numerous

previous surgeries, or tumour surgery.

The amount of revision surgery after TKA has

increased in recent years. In the USA, the revision burden

for total knee arthroplasty between 1990 and 2002 was

8.2% [17], which is similar to statistics from Sweden

[29]. Revision TKA is often performed using uncon-

strained prosthetic designs. However, the need of more

constrained prostheses arises not infrequently in cases

of global instability [3, 4, 23], poor soft-tissue balance

[1, 30], inadequate alignment of the knee [16, 26, 33], or

combined instability and bone loss in rheumatoid arthritis

[25]. Even extensor mechanism dysfunction, such as

extension lag and dislocation of the patella, can benefit

from hinged designs because hinged knee prostheses
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restore the quadriceps lever arm in knee flexion and

improve the lever arm in knee extension [20].

Clinical and radiological results after rotating hinge TKA

have previously been reported, but the conclusions are

contradictory: Certain authors seem to consider such devices

to be useful mainly in salvage procedures after numerous

failed revisions [31], whereas others have described

encouraging outcomes [2, 11, 12, 15]. Moreover, the existing

literature is difficult to interpret because most studies

embrace a plethora of different indications for rotating hinge

TKA, including aseptic loosening, deep infection, compli-

cated intraarticular fractures, or tumours, to name only the

most common causes. Many studies also include patients

with very short follow-up, making conclusions on the sur-

vival of rotating hinge revision TKA insecure.

At our institution, the Endo-model rotating hinge pros-

thesis has been in use since 1991, and it is also the most

common rotating hinge device in Sweden [34]. Such

devices allow for axial rotation between the femoral and

tibial components and are therefore thought to reduce

forces on the prosthesis anchorage. We have mostly but not

exclusively used this implant for difficult revision TKA

due to aseptic loosening, deep infection, or intraarticular

fractures, and mostly in the presence of severe bone loss,

gross hip-knee-angle deviation, or severe ligament insta-

bility. It was predominantly chosen in elderly patients.

We performed a retrospective study with the main study

objective to perform a minimum 6-year follow-up in order

to gain information on implant survival with the endpoints

implant revision due to aseptic loosening or due to any

reason. Secondary outcome measures were knee function,

patient satisfaction, and radiographic results after rotating

hinge revision TKA. In order to reduce heterogeneity of the

study population, we intended to review only patients

operated on the grounds of aseptic loosening, but to

exclude patients that received this rotating hinge device

due to other reasons.

Patients and methods

Study population and data collection

From 1991 to 2003, 42 revision TKA due to aseptic loos-

ening were performed using the cemented Endo-model

rotating hinge TKA (Waldemar Link GmbH & Co, Ham-

burg, Germany), while unconstrained designs were used in

the majority of other revision TKA during this period. The

diagnosis of aseptic loosening was based on a thorough

clinical and radiographic examination combined with lab-

oratory examinations including leukocyte counts, sedi-

mentation rate, and C-reactive protein. We found no

elevation of these parameters in the patients analysed in

this study. The procedures were performed in 38 patients

(26 women), and four patients had bilateral surgery. Data

collection included demographic information, complete

medical histories, diagnosis and type of prosthesis used for

the initial TKA, indications for revision TKA, and analysis

of radiographs prior to and after revision TKA. Further-

more, the Swedish Knee Arthroplasty Register was con-

sulted in order to ensure that deceased patients had not

been revised elsewhere, and all 38 patients could be

identified. At the time of follow-up, 16 patients (18 knees)

of the total cohort had died from unrelated causes. Eleven

patients (11 knees) were unable to participate in the clinical

follow-up due to advanced age, severe medical comor-

bidities, or large geographic distances; seven out of these

patients were followed up with a telephone interview, and

thus only four patients were unavailable at follow-up.

Thirteen knees in 11 patients were eligible for both clinical

and radiographic follow-up (Table 4).

Surgical procedures

All procedures were carried out following standard revision

TKA procedures. Briefly, patients were given cloxacillin

(1 g 9 3) as peri-operative antibiotic prophylaxis; low-

molecular weight heparin (40 mg enoxaparin s.c. 91 for

10 days) was started the evening before surgery, and spinal

anaesthesia rather than general anaesthesia was used in most

cases. All procedures were performed through a medial

parapatellar arthrotomy, usually under tourniquet control. In

a few cases, a rectus snip [9] was required for adequate

exposure, and bone allografts were used to restore bone

defects if necessary. The patella was not routinely resur-

faced, and a lateral release was undertaken when necessary to

secure satisfactory patellar tracking. Both components were

cemented with cement-containing gentamicin (Palacos

R ? G�, Heraeus, Hanau, Germany). We used the Endo-

Model Link prosthesis with a patellar flange and started

including an anti-dislocation mechanism when it was made

available by the manufacturer. Therefore, the first nine knees

in our series were operated without this device whereas the

rest of the knees included an anti-dislocation mechanism.

Clinical outcome measures

Patients available for clinical follow-up were evaluated

according to the Hospital for Special Surgery score (HSSS)

[14] and the Knee society score (KSS) [13]. Due to the

retrospective nature of the study we have no data on pre-

operative scores. Anteroposterior and lateral radiographs of

the knees were obtained and evaluated by three indepen-

dent observers, two orthopaedic surgeons and one radiol-

ogist, assessing alignment, signs of loosening such as

radiolucent lines, osteolysis, and polyethylene wear.
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Statistical analysis

Prosthesis survival was analysed using the Kaplan–Meier

method, a statistical method that enables calculation of

prosthesis survival after a defined period of time (mostly

10-year survival rates are calculated). Calculation of sur-

vival rates is possible even if the follow-up time is shorter

for a certain cases (so called ‘‘right-censoring’’) [6]. Fol-

low-up started on the day of revision TKA and ended on

the day of re-revision, death, or October 31st, 2009,

whichever came first. Survival analysis was performed

with revision due to any reason or due to aseptic loosening

as the endpoints, and 95% confidence intervals were cal-

culated. The PASW statistics 18 software package was

used for all analyses.

Results

Demographics, comorbidities, and previous implants

in 38 patients and 42 knees

The mean age at the time of implantation of the rotating

hinge prosthesis was 72 (55–88) years, and most patients had

significant medical comorbidities at the time of the index

procedure (31 patients, see Table 1). Details on the loose

prostheses that were removed at the time of implantation of

the rotating hinge device are given in Table 2.

Complications, re-revisions, and implant survival

in 42 knees

Immediate post-operative complications included two

cases of haematoma that required drainage, one superficial

dermal necrosis that was treated by a mesh-graft, one

myocardial infarction, and one post-operative psychosis. At

the time of follow-up, 9 out of 42 rotating hinge prostheses

had been re-revised: four were re-revised due to aseptic

loosening, and five prostheses underwent re-revision due to

other reasons (Table 3). Apart from these implant revi-

sions, three patients underwent re-revisions without

implant revision due to periprosthetic fractures or patellar

instability: two patients with periprosthetic fractures were

operated with open reduction and fixation. One patient

developed patellar instability after a trauma resulting in a

rupture of the vastus medialis muscle and was operated

with a lateral release and medial repair.

With implant revision due to aseptic loosening as the

endpoint, 10-year survival was 89.2%; with implant revi-

sion due to any reason 10-year survival was 65.1% (Fig. 1).

Clinical and radiographic outcome at follow-up

in 13 knees

The mean follow-up of the available knees was after 8.8

(6–18) years. The mean HSSS at follow-up was 67

(36–90), the mean KSS-knee was 85 (73–96), and the mean

KSS-function was 29 (0–100). Mean knee flexion was 108�
(100–120). Of the 18 patients available for either clinical

investigation or telephone interview 17 patients claimed

that they were satisfied with their knee function, whereas 1

was not satisfied (Table 4).

Table 1 Patient demographics and comorbidities

Number of patients (bilateral) 38 (4)

Mean age (range) 72 (55–88)

Males/females 12/26

Primary Diagnosis

OA 27

RA 11

Comorbidities

Severe cardiovascular disease 21

Hypertension 19

Endocrine diseases 9

Pulmonary diseases 3

Vascular diseases 2

Renal diseases 2

Spinal disorders 2

Table 2 Removed primary

knee prostheses
Type of prosthesis No.

Freeman-Samuelsson 14

Spherocentric 11

Kinemax 5

AMK 4

AGC 2

Miller-Galante 2

PFC 1

PCA 1

GSB 1

Unknown 1

42

Table 3 Reasons for re-revi-

sion of rotating hinged

prostheses

Complication No. of

cases

Aseptic loosening 4

Deep infections 2

Dislocation 1

Periprosthetic

fracture

1

Patellar instability 1
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Radiographic evaluation showed well-fixed implants

without radiolucencies (n = 8) or discrete radiolucent lines

without progression (n = 5), and no implant was deemed

to be in need of revision.

Discussion

The frequency of revision TKA is increasing, and many

knee surgeons recommend that unconstrained revision

designs should be used in such procedures, not least due to

the problems associated with hinged TKA prostheses.

However, to our knowledge, there are no controlled studies

that demonstrate superiority of the unconstrained approach

over rotating hinge prostheses. We have used a rotating

hinge device since 1991 in difficult revision TKA in mostly

elderly patients, and have now performed a minimum

6-year follow-up of consecutive 42 revision TKA per-

formed due to aseptic loosening of a previous knee pros-

thesis. We are not aware of other studies reporting on

implant survival after rotating hinge revision TKA per-

formed solely due to aseptic loosening and with a mini-

mum follow-up of 6 years.

It was our main objective to investigate implant survival

after revision TKA using the Endo-model rotating hinge

device. Our results on prosthesis survival after this proce-

dure compare rather favourably with some of the early

literature reporting on the clinical outcome after such

procedures: For instance, a rate of femoral loosening of 5%

after only 2 years and a significant incidence of compli-

cations have been reported after the use of different rotat-

ing hinge designs [19, 27, 35], and it has even been

suggested that ‘‘hinged total knee arthroplasty should be

reserved for the final salvage option […]’’ [31].

Our secondary outcome measures were patient satis-

faction, knee function, and radiographic appearance in the

surviving patients, and we found good to satisfactory

results in the patients available for clinical follow-up.

Other authors have also presented relatively good knee

function after rotating hinge revision TKA: For instance, a

postoperative Knee Society Clinical Score of 131 after a

mean follow-up of 51 months has been reported, but this

study only involved 14 knees operated with a second-

generation rotating hinge device [5]. Furthermore, in a

retrospective review of 349 revision TKA it was described

that the rotating hinge prosthesis provided similar patient

satisfaction and survivorship when compared with non-

hinged implants [11]. A further study comparing different

implant types in revision TKA found no significant

a

b

Fig. 1 Implant survival. a 10-year survival with implant revision due

to aseptic loosening as the endpoint was 89.2% (95% confidence

interval 77.4–100%; 2 patients at risk). b 10-year survival with

implant revision due to any reason as the endpoint was 65.1% (95%

confidence interval 40.8–89.4%; 2 patients at risk)

Table 4 Chart review

and survival analysis
Total number of knees 42

Deceased 18

Study group 13

Unable to participate 11

Telephone interview 7

Lost to follow-up 4
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differences between implant types with regard to Knee

society scores [12]. Another study on 11 knees with

Charcot arthropathy showed satisfactory clinical results for

most cases [2]. 78 revision TKA using the Endo-model

rotating hinge prosthesis with a mean follow-up of

7.8 years (range 4.7–10.8) obtained excellent or good

results in 82%, but in that study, a large proportion of

revision procedures was performed due to other reasons

than aseptic loosening [15]. Moreover, 19 prostheses in that

series were rated as failures. Other reports on rotating hinge

devices in revision TKA include a description of the Endo-

model prosthesis followed for a mean of 4 years, but in that

series of 51 knees only 23 were operated on the basis of

aseptic loosening of the previous implant [24]. An inter-

esting report on the Endo-model prosthesis combined with

impaction grafting in revision TKA of patients with severe

bone loss has described encouraging results, although 5 of

30 patients in that study had to be revised due to aseptic

loosening [32]. Finally, a series of different rotating hinge

devices including 30 Endo-model rotating hinge prostheses

was described to have achieved satisfactory results in

approximately 80% of the cases, supporting the authors’

suggestion of continued use of this implant in difficult

revision TKA [28].

An incidence of extensor mechanism complications of

around 10% has been described after revision TKA [27,

31]. In our series, two patients had extensor dysfunction

(see above), and the frequency of this complication seems

to be within the range of what other authors have reported

after revision TKA using rotating hinge devices [5, 15].

There were a few patients that sustained periprosthetic

fractures. This is not an entirely unexpected phenomenon

in an aged, osteoporotic population. In addition, the more

constrained the prosthesis, the higher the fracture risk. In

our cases plate osteosynthesis gave excellent results.

Unfortunately, one of our patients dislocated her revi-

sion knee prosthesis after 7 years and had to be treated with

open reduction. A review of the literature with a focus on

the incidence of dislocations of hinged knee prostheses

reveals that this is a well-known complication with dif-

ferent hinged designs [7, 8, 27, 37, 38]. At least five cases

of femorotibial disconnection of the Endo-model rotating

hinge prosthesis have also been reported [15, 21, 37]. Open

reduction and exchange of the connecting device has been

described as the solution in such cases [18].

The number of points achieved by our patients in the

KSS function part seems disappointingly low at first

glance, in particular when compared with a postoperative

KSS function of 45 points reported by other authors [39].

In that study, however, 9 of 24 knees were primary TKA

in younger patients. It has to be remembered that our

patients were elderly already at the time of revision sur-

gery and suffered from numerous medical comorbidities.

For instance, two of our patients need a wheel-chair due

to problems unrelated to their knee revision surgery.

Other authors have suggested that one of the factors that

leads to poor functional results was the number of asso-

ciated comorbidities [10]. The relatively low number of

points in the KSS function part in our patients is thus

mostly explained by comorbidities that impair general

mobility, an interpretation that is strengthened by the

relatively high KSS knee scores that they achieved.

Therefore, we agree that a patient satisfaction question-

naire should be used in conjunction with traditional knee

scores for evaluation of outcome of complex, salvage

revision knee surgery [24].

A weakness of our study is that many patients were lost

to clinical follow-up, mainly due to death from unrelated

causes, but in some instances due to the inability to attend a

clinical appointment at our unit. The inability to attend was

chiefly due to advanced age, the presence of severe medical

comorbidities, and—last but not least—large geographic

distances, which is related to the fact that our unit is a

tertiary referral centre. We attempted to reach all patients

who were unable or unwilling to attend for a telephone

interview, and we can therefore confirm that among those

the majority was satisfied with their operated knee. By

contacting the Swedish National Knee Arthroplasty Reg-

ister we were also able to rule out the possibility that

deceased patients or those who were unable to attend had

required re-revision of their rotating hinge device

elsewhere.

Another possible point of criticism is the absence of pre-

operative Knee society score that, due to the retrospective

nature of this study, was unavailable.

Finally, we analysed a relatively low number of cases

altogether. We could have substantially enhanced this

number by including all patients that received a rotating

hinge TKA during the investigated time period at our unit.

However, we believe that information on a distinct and

well-defined group of patients that—as in this study—were

operated solely on the basis of aseptic loosening of a pre-

vious TKA makes the results more readily interpretable.

We could also have included a large number of patients

operated upon from 2003 onward, but it was our intention

to perform a minimum 6-year follow-up.

Conclusion

The primary outcome measure of this study was implant

survival: We found that with revision due to aseptic loos-

ening as the endpoint 10-year implant survival was 89.2%,

and with implant revision due to any reason 10-year sur-

vival was 65.1%. Secondary outcome measures were knee

function, patient satisfaction, and radiographic outcome.

Knee function was good to satisfactory in a majority of the
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surviving patients, whereas global function scores in this

elderly population were impaired. Radiography revealed no

impending revisions. Our findings indicate that revision

TKA with the Endo-model rotating hinge device can be

performed with satisfactory or even good results in an aged

population with a high degree of medical comorbidities,

but the difficulties with revision TKA in such patients are

also highlighted. Further studies that directly compare

rotating hinge devices with unconstrained designs in revi-

sion TKA are warranted.
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