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Abstract

Purpose A rotating-hinge total knee prosthesis may be
utilized for the treatment of global instability or severe
bone loss around the knee. The outcome of primary total
knee arthroplasty (TKA) using Endo-Modell (Link®)
rotating-hinge prosthesis was evaluated.

Methods Retrospectively, review of 50 cases (40
patients) at a mean follow-up of 15 years (range, 10-18)
who underwent primary TKA using Endo-Modell (Link®)
was performed. Indications included severe primary
osteoarthritis with substantial ligament laxity, severe
rheumatic arthritis with extreme ligament instability and
bone loss, supracondylar nonunion, charcot arthropathy,
and posttraumatic arthritis. Knee Society Score (KSS) and
radiographic analysis were done for preoperative and at
latest follow-up. Statistical analysis was done using the
Student’s ¢ test with the level of significance of p < 0.05.
Results  Overall, the rotating-hinge arthroplasty resulted
in improved knee functioning. The KSS improved
(p < 0.001) from a preoperative mean of 38 £ 14.3 (SD)
points to a postoperative mean of 73 £ 12.8 points; the
functional score improved (n.s.) from 36 £ 19.5 points to
47 £ 23.5 points. Mean range of motion at the most recent
clinical follow-up evaluation was 102 + 9°. However, all
(100%) patients needed some form of assisted devices for
walking and a relatively large number of deep infections
(14%) were encountered.

Conclusions Reconstruction with a rotating-hinge total
knee prosthesis provided substantial improvement in
function and reduction in pain. However, the possibility of

J-H. Yang - J.-R. Yoon - C.-H. Oh - T.-S. Kim (X))
Department of Orthopaedic Surgery, Seoul Veterans Hospital,
6-2 Dunchon Dong, Kangdong Ku, Seoul, Korea

e-mail: tskimos@yahoo.co.kr; jackorea@hotmail.com

assisted walking and high rate of deep infection should be
encountered.

Level of evidence Retrospective therapeutic study,
Level IV.
Keywords Total knee arthroplasty - Primary -

Endo-Modell®

Introduction

Competent and functional collateral ligaments are a pre-
requisite  when performing a conventional total knee
arthroplasty (TKA) [22]. In patients undergoing primary
surgery for knees with grossly unstable or lost ligament
stability and bone integrity, standard condylar implants do
not allow for proper stabilization of the joint, even when
using models with constraint. Under these circumstances,
condylar TKA designs will fail within a short period of
time [34].

Rotating-hinge total knee prostheses may be used for the
treatment of global instability or severe bone loss around
the knee. Hinged prostheses were first designed and used for
knee reconstruction after the resection of neoplasms. The
first hinge prosthesis was designed in the 1950s by Judet and
by Walldius and Shiers [2]. The initial joint mechanism
consisted in a fixed hinge with no rotational motion. A
second generation modified several aspects (rotational axis
with a stop, new design of the patellofemoral joint to
facilitate the patella’s displacement, appearance of a
metallic tibial baseplate to reduce polyethylene wear, and
improvements in the stems to facilitate osteofixation).
These improvements led to appearance of several models,
with the main models being the GUEPAR implant in 1970
[4, 16], the Stanmore prosthesis in 1971 [8], and the Saint
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Georg by Engelbrecht, Nieder, Keller, and Strickel pros-
thesis in 1979 (ancestor of the Endo-Modell (Link®))
[6, 17]. Developers have further introduced a flexing and
rotating system such as Endo-Modell (Link®) rotating-
hinge knee prosthesis which aimed to avoid the torsional
stresses that lead to loosening of the prosthesis [12, 25].

Previous reports treated by modern rotating-hinge
prostheses are difficult to compare because several differ-
ent types of prostheses were often used and with mixed
primary/revision cohort [9, 11, 23, 35]. In this report, a
long-term (more than 10 years) -clinical/radiographic
results of primary 50 Endo-Modell (Link®) rotating-hinge
TKA performed for patients with severe instability or bone
loss are presented. The hypothesis was that the high sur-
vival rate of the prosthesis would not necessarily mean
high clinical status of the patients.

Materials and methods

Between 1992 and 2000, 62 primary TKAs using rotating-
hinge prosthesis were performed. Fifty cases (80.6%, 40
patients) at a mean follow-up of 15 years (range, 10-18)
were possible for review in this retrospective case series.
Ten patients had had bilateral surgery. Twelve died
(19.4%) from unrelated causes before the minimum follow-
up period of 5 years and were excluded from the study. Of
the 50 TKAs, 40 were in women and 10 in men, with a
median age of 72 years (range, 59-82) at the time of
surgery.

Endo-Modell (Link®) rotating-hinge knee prosthesis
(Waldemar Link GMBH & Co, Hamburg, Germany) with
anterior flange was used in all cases. It is an intercondylar
stemmed prosthesis for flexion and tibial rotation, with the
stability of a rotating hinge. The T-shaped joint mechanism
fixes the axes for flexion and tibial rotation. It helps control
movement and transmission of forces with assistance from
the replaced runners, plateaus, and the remaining scar tis-
sue of the capsule and collateral ligaments. The rotational
degree of freedom allows the reduction in axial shock loads
acting at the prosthesis/cement/bone interface. The pros-
thesis is designed with a range of motion (ROM) from 3° of
hyperextension to 165° of flexion. This implant provides a
range of rotational movement from 0° at full extension to
25° of both internal and external rotation, when the implant
is flexed at angles equal to or greater than 50° [20].

Indications for primary arthroplasty included severe
primary osteoarthritis with substantial ligament laxity,
severe rheumatic arthritis with extreme ligament instability
and bone loss, supracondylar nonunion, charcot arthropa-
thy, and posttraumatic arthritis (Table 1). All knees had
extreme ligament imbalance with insufficiency, extraordi-
nary bone loss, or both.
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Table 1 Surgical indication for primary rotating-hinge arthroplasty

Number of patients (%)

Primary OA with ligament laxity 15 (30)
Primary OA with severe varus 8 (16)
Primary OA with severe valgus 7 (14)
RA with severe deformity 12 (24)
Supracondylar nonunion 24
Charcot arthropathy 4 (8)
Posttraumatic arthritis 24)

OA osteoarthritis, RA rheumatic arthritis

All procedures were performed through a medial para-
patellar arthrotomy and under tourniquet control [mean
application time 132 min + 29.2 (range, 90-190 min)].
Non-antibiotic-impregnated Palacos® bone cement (Bio-
met, Inc, IN, USA) was used in all knees. Finger-packing
method was used during cementing. Patellar resurfacing
was done (n = 22, 44%) selectively according to the
presence of anterior knee pain and the status of patellar
cartilage. The diameter of patellar component used was
30 mm in all cases. The system provides with only one
type of polyethylene insert with the thickness of 14 mm. In
cases of severe bone defect where physiologic tension
could be restored by using tibial polyethylene spacers, no
cases in this series needed tibial spacer. The postoperative
management was similar for all patients, and assisted
devices, such as a walker or crutches, were used for several
weeks as needed, with partial to full weight-bearing
allowed as tolerated. Thrombotic prophylaxis medications
were not used.

The clinical outcome of patients was assessed using the
Knee Society Score (KSS) [13], which was calculated
before surgery and at the time of latest follow-up. A KSS of
90 points was considered an excellent outcome, a score
between 80 and 89 points was considered a good outcome,
a score between 70 and 79 points was considered a fair
outcome, and a score of less than 70 points was considered
a poor outcome. Radiographic evaluation was assessed for
mechanical alignment of the limb (Hip-Knee-Ankle angle),
the position of the components, and the presence and
location of radiolucent lines at the bone—cement interface
performed by two orthopedic surgeons (JHY, CHO) not
involved in the surgery using the Knee Society radio-
graphic evaluation and scoring system [7, 19]. Any radio-
lucent lines were compared with those on previous
radiographs to determine whether there was evidence of
progression and possible loosening, or whether the lines
were stable and nonprogressive. Migration, subsidence, or
radiographic changes in alignment of the components, if
any, were recorded. A modified system described by Laurin
et al. [18] was used for assessing the axial patellofemoral
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position. Grade I, normal alignment; Grade II, patellar Table 3 Assessment of functional mobility
shlft;'Grade III, patellar tilt; and Grade IV, patellar shift None One cane/ Two cancs/ Wheelchair
and tilt. crutch crutches
Preoperative 0 0 3 (6%) 47 (94%)
Postoperative 0 12 (24%) 25 (50%) 13 (26%)

Statistical analysis

Changes in the KSS and ROM were evaluated via Stu-
dent’s ¢ test, and the level of significance was set at
p < 0.05. Survivorship analysis was performed to deter-
mine the cumulative rate of survival of the implant during
the period of the study [15, 25]. The end point for analysis
was revision surgery for any reason or a recommendation
for revision surgery by the senior author. All statistical
analyses were performed with the Statistical Package
for the Social Sciences (SPSS), version 17.0 (SPSS,
Chicago, IL).

Results

Overall, the rotating-hinge arthroplasty resulted in
improved knee functioning. The KSS improved (p < 0.001)
from a preoperative mean of 38 & 14.3 (standard deviation)
points to a postoperative mean of 73 £ 12.8 points; the
functional score improved (p = n.s.) from 36 £ 19.5 points
to 47 £ 23.5 points (Table 2). Twelve patients (24%) were
walking with one crutch and 25 (50%) with two crutches at
the last follow-up. The rest of the patients were wheelchair-
bounded (n = 13, 26%) (Table 3). Mean ROM at the most
recent clinical follow-up evaluation was 102 £ 9°. In three
rheumatoid knees, passive flexion was limited to 90°, with a
residual lack of extension of 5°.

In the radiographic analysis, the positions of the com-
ponents were considered optimal in all knees and the mean
femorotibial anatomic axis was 6 + 1.8° (range 3-9° val-
gus). The tibiofemoral alignment of all knees was corrected
at surgery to the built-in prosthetic angle of 6° of valgus,
and there was no evidence of any change in this alignment
with time. From the plain postoperative radiographs, there
was no evidence of migration of the prosthesis (Fig. 1).

Fifteen (30%) lateral releases were performed to facili-
tate patellar eversion and to facilitate the quadriceps
mechanism in tracking smoothly over the center of the
knee intraoperatively. Lateral releases were mainly needed

Table 2 Pre- and postoperative (last follow-up) clinical KSS grades

Excellent Good Fair Poor
Preoperative 0 0 2 (4%) 48 (96%)
Postoperative 0 3 (6%) 25 (50%) 22 (44%)

in osteoarthritic valgus knees and severely deformed
(mechanical alignment deviation > 15°) varus knees. The
mean KSS and the functional score for patients with lateral
release were 72 £ 14.2 and 46 £ 13.8, respectively. The
mean KSS and the functional score for patients without
lateral release were 68 + 13.7 and 49 + 14.1, respectively.
There was no significant difference between two groups
(p = n.s.). Table 4 shows the latest patellar alignment.
Thirty-six (72%) cases were either grade I or II.

Radiolucencies were seen in five knees (10%) but were
not sclerotic or progressive and always less than 1 mm in
thickness. No difference was seen between the bone den-
sities of the medial and lateral femoral condyles. Occa-
sionally, some increased bone density was seen around the
stems of the components, but no evidence of cortical
hyperostosis was found. Wear of polyethylene, as assessed
from plain radiographs, was insignificant.

At the longest follow-up, besides to these favorable
findings, 7 deep infections (14%) were observed (Table 5).
In 4 cases, the infections required surgical revision to
remove the prosthesis, with a new implant and arthrodesis
in 3 other cases.

For survival analysis, this series showed survival of 87%
(95% confidence interval (CI) 78.6-92.2) at 10 years after
surgery. Survival rates then remained stable until the end of
follow-up period (mean 15 years). Failure was defined as
revision for any cause and included infection (7 cases).

Discussion

In this study, assessment of 50 Endo-Modell (Link®)
rotating-hinge TKAs with an average follow-up of 15 years
(range, 10-18) with clinical and radiological evaluation
was made. The most important finding of the present study
was that although this type of prosthesis showed a high
survival rate excluding the infection cases, this finding did
not necessarily correlate with the clinical status of the
patients. Although the KSS improved from a preoperative
mean of 38 points to a postoperative mean of 73 points, the
functional score did not improve to a statistically signifi-
cant value (from 36 preoperatively to 47 postoperatively).
The mean functional score was low mainly because of
patients who were old and had multiple accompanying
medical conditions that necessitated the use of walkers/
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Fig. 1 a A preoperative radiograph showing valgus deformity with bone loss. b A radiograph one month after rotating-hinge arthroplasty.

¢ Thirteen years after surgery without definite loosening

Table 4 The patellofemoral alignment at latest follow-up

Grade® I 1I I v

Number of cases 20 (40%) 16 (32%) 12 (24%) 2 (4%)

# According to Laurin et al. [18]: Grade I, normal alignment; Grade
II, patellar shift; Grade III, patellar tilt; and Grade IV, patellar shift
and tilt

crutches and/or had difficulty in climbing stairs. Thirty-
seven (74%) patients were walking with either one or two
crutches at the last follow-up. This low functional score
may have been contributed to the low incidence of oste-
olysis and aseptic loosening rate.

The rotating-hinge implant can only be placed in certain
specific indications. In primary surgery [1, 26, 29], these
are functional loss of lateral ligaments [8, 27], ligaments
that cannot be balanced in flexion or extension during

surgery, major valgus or varus deformity, a distal femoral
or proximal tibial defect resulting from a tumor lesion or
mechanical problems, or a comminuted fracture or mal-
union of the distal femur in the elderly subject [4]. All the
specific preoperative clinical and radiologic criteria should
be determined in using this type of implant [1, 32]. The
clinical examinations including the ligament status and
plain radiographs including the stress views should be
determined to identify the extent of the bone defect and
ligament insufficiency [10].

The outcome of the rotating-hinge TKA has been
evaluated in several studies (Table 6). Bohm et al. [3]
evaluated 422 consecutive primary TKAs using one spe-
cific design of hinged total knee prosthesis at a mean
6 years. The cumulative rates of survival at 20 years were
from 86.8 to 96.0% depending on the end points. Barrack
[1] reported satisfying clinical results in a study of 23

Table 5 Patient data for deep

. . Age at Gender Underlying Months Culture Intraoperative Knee  Follow-up
infection after TKA . . L. . R .
operation patient’s after initial frozen biopsy; Fusion period
condition operation HPF > 10 PMN (months)
68 F DM, HTN 64 Candida species + + 125
69 F CVA 108 - + - 121
71 M DM 15 Staphylococcus — + - 146
epidermidis
77 F RA 29 - + + 142
DM diabetes mellitus, HTN 69 F RA, DM 16 - + - 160
hypertension, CVA cerebral 72 F DM,HTN 80 Staphylococcus — + - 155
vascular attack, RA rheumatic epidermidis
arthritis, HFP high power field, 74 F RA, DM 20 _ + + 134

PMN polymorphic neutrophils
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modern-generation hinged TKAs evaluated at 2- to 9-year
follow-up. The clinical results, ROM, and satisfaction were
comparable to those of a standard condylar revision knee
arthroplasty, despite the fact that the cases were more
complex. Joshi et al. [14] reviewed the results of 78 revi-
sion TKAs using a rotating-hinge device in patients
requiring revision arthroplasty due to aseptic loosening.
Fifty-seven (73%) patients showed excellent results, with a
ROM of 104° in flexion and complete extension. Pradhan
et al. [23] conducted a retrospective study of 51 rotating-
hinge prostheses in revision surgery with a maximum
follow-up of 6 years. Reasons for revision were infection
and aseptic loosening in 46 cases. There was a notable
improvement in the pain, stability, ROM, and mobility of
the patients. Postoperatively, 33 (72%) presented excellent
or good results (better results in patients with aseptic
loosening). Pour et al. [22] included in their study 44 knee
arthroplasties using modern-generation kinematic rotating-
hinge prostheses with a mean follow-up of 4.2 years. The
prostheses provided substantial improvement in function
and reduction in pain, but a relatively large number (18%)
of complications and failures (periprosthetic infection in
three knees, aseptic loosening in four, and a periprosthetic
fracture in one) were encountered. The rate of prosthetic
survival was 68.2% at 5 years with revision or reoperation
as the end point. Nieder [20] also published excellent long-
term results with the Endo-Modell (Link®) rotating-hinge
TKR, the same prosthesis as this study is based on.
Although the results of various reports are favorable, rou-
tine procedure cannot be advocated in cases when condylar
prosthesis could be inserted.

As noted, the results are variable for rotating-hinge total
knee arthroplasties [1, 3, 20, 22, 23]. Although recent
generation of rotating-hinge devices allowing axial rotation
and distraction, suboptimal instrumentation and implant
design probably resulted in continued complication rates
[1]. A few reports have highlighted the major complica-
tions that can arise when using these fully constrained
prostheses. Walker et al. [33] reported good short-term
results in terms of pain relief and restoration of range of
motion in association with early-generation rotating-hinge
implants. Despite the early success in terms of functional
improvement, a number of serious complications, such as
tibial tubercle avulsion, cortical bone perforation, patellar
subluxation, and progressive radiolucency were encoun-
tered. Rand et al. [24] reviewed the first fifty rotating-hinge
knee arthroplasties that were performed at their institution.
The complications were numerous and included patellar
instability (22%; eleven of fifty), deep infection 16% (eight
of fifty), and implant fracture (6%; three of fifty). Shaw
et al. [28] reviewed the outcome for thirty-eight knees that
had received an -early-generation hinged total knee
replacement and found an 86% satisfaction rate after a
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minimum duration of follow-up of 25 months. The major
complication in that series was patellar instability, which
was found in association with four of twenty primary
procedures and six of eighteen revision procedures. In
addition, evidence of aseptic radiolucency was found in six
of the thirty-eight knees. The results of total knee arthro-
plasties performed with use of the newer generation of
rotating-hinge knee implants have also been reviewed in
several studies [1, 21]. Barrack [1] reported satisfying
clinical results in a study of twenty-three modern-genera-
tion hinged total knee replacements. Although there were
no progressive radiolucent lines, complications included
one intraoperative distal femoral fracture, one case of
patellar subluxation, and one peroneal nerve palsy.

Complication regarding infection should be encoun-
tered. Springer et al. [30] recently reported on the early
results of distal femoral arthroplasty for nonneoplastic limb
salvage in a study of 26 knees and highlighted some of the
major complications. In their report, the periprosthetic
infection (five knees; 19%) was the main cause of failure.
Shaw et al. [28] also had 16% deep infection rate in their
38 knees (primary, revision) with a minimum 25-month
follow-up. This complication also appears in this series.
Seven (14%) out of 50 patients had deep infection in this
series, much higher rate than both primary and revision
operations. To explain these results, it seems relevant to
detail the inclusion criteria for each group. The studied
population presents a high percentage of patients with
several risk factors for complications: high mean age,
association of comorbidities (diabetes, cardiological, or
rheumatoid disease). Similar rates were reported, [12, 28,
30, 31] all of them with similar inclusion criteria.

Hinged prosthesis may not do well in younger patients
as compared to older patients. Comparison of outcome
between younger patients (less than 65) with older patients
may be worthwhile. However, there were only two patients
younger than 65 in this series. One female patient (63 years
old at the time of surgery) was rheumatic arthritis patient
with the latest KSS of 62 and functional score of 42.
Another male patient (59 years old) was posttraumatic
osteoarthritis, with latest KSS 74 with functional score of
66. Comparative analysis would be beyond the scope in
this study.

This study has several limitations. First, it is retrospec-
tive and non-controlled. Second, relative small number of
patient population sample is another limitation. Finally, the
study combined a group of patients with varied preopera-
tive diagnoses, and because of small population size, dif-
ference in outcome on the basis of the underlying diagnosis
was not possible.

Despite these limitations, it is our opinion that although
substantial improvement in function and reduction in pain,
Endo-Modell (Link®) rotating-hinge prosthesis has, in our
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hands, a higher infection rate than those observed with both
primary arthroplasties and revisions. Some indications may
remain for this type of implant for the deformed or mal-
aligned knee with, perhaps, serious bone and ligament
defects but should be reserved for elderly and sedentary
patients.

Conclusion

Reconstruction with a rotating-hinge total knee prosthesis
provided substantial improvement in function and reduc-
tion in pain with relatively high survival rate. However, the
possibility of assisted walking (low functional status) and
high rate of deep infection should be encountered.
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