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Background: The major goals of revision total knee arthroplasty include good clinical and radiographic results with a
low complication rate. A retrospective review of a case series of revision total knee arthroplasties with a constrained
condylar prosthesis by a single surgeon was performed in order to ascertain the role of this prosthesis and to determine
whether it provided satisfactory results.

Methods: Ninety-seven patients (114 knees) underwent revision total knee arthroplasty with use of a constrained
condylar knee prosthesis. There were eighty-four men and thirteen women. The mean age at the time of the index
surgery was sixty-five years. The primary diagnosis was predominantly osteoarthritis (96%). The most common reason
for revision was aseptic loosening of a component (54%). The mean time from the primary to the revision total knee
arthroplasty was 6.1 years (range, six weeks to twenty-four years). The mean duration of follow-up was 7.2 years.

Results: The mean Hospital for Special Surgery knee score and mean Knee Society knee and functional scores were
31, 35, and 16 points, respectively, before the operation and 83, 90, and 64 points at the time of the final follow-up.
The preoperative and postoperative Western Ontario and McMaster Universities Osteoarthritis Index scores were 85
and 34.5 points, respectively. The complication rate was 9%. Five knees (4%) had a rerevision, and three knees (2.6%)
had a quadriceps tendon rupture. Kaplan-Meier survivorship analysis, with revision or radiographic failure as the end
point, revealed that the ten-year rate of survival of the components was 96% (95% confidence interval, 94% to 100%).

Conclusions: Revision total knee arthroplasty with use of a constrained condylar knee prosthesis had reproducible
clinical success, but a complication rate of up to 9% can be expected at intermediate-term follow-up.

Level of Evidence: Therapeutic Level IV. See Instructions to Authors for a complete description of levels of evidence.

R
evision total knee arthroplasty is often complicated by
bone loss and ligament damage, which can result in
ligamentous laxity and imbalance. A constrained con-

dylar knee design (a modification of the original Total Condylar-
III design; Zimmer, Warsaw, Indiana) was developed to resist
coronal plane moments due to deficient soft-tissue constraints.
Constrained condylar knee designs have the advantage of al-
lowing a changing center of rotation during flexion, thereby
theoretically imparting less tangential anterior-posterior stress
across the prosthetic interface. Furthermore, these designs allow
the soft tissues, rather than the prosthetic interfaces, to absorb
hyperextension forces. Constrained condylar knee replacements
are more constrained rotationally than are rotating-hinge de-
signs and theoretically impart greater rotational stresses to the
fixation interfaces1,2.

The reported clinical outcomes of total knee arthro-
plasties performed with the use of constrained condylar knee
designs are conflicting. One clinical series (fourteen knees)
found no failure after an average follow-up of 6.3 years3. An-
other clinical study (thirty-six knees) demonstrated that all but
one knee had excellent or good results after an average follow-
up of forty-five months4. However, one clinical study found
that only approximately 50% of twenty-one knees had a good
or excellent result after an average duration of follow-up of
four years5.

In order to ascertain the role of the constrained condylar
knee (Total Condylar III-type) prosthesis and to determine
whether it can provide satisfactory results after total knee ar-
throplasty, we asked four questions: (1) Would the knee score,
the pain score, the distance walked, and the Western Ontario
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and McMaster Universities Osteoarthritis Index (WOMAC)6

score be improved? (2) Would stable fixation of the prosthesis
to the host bone be obtained and maintained? (3) Would pa-
tients be satisfied with the results? and (4) Would the com-
plication rate be acceptable?

Materials and Methods

From January 1998 to February 2003, 157 revision total knee
arthroplasties in 127 patients were carried out by one sur-

geon (Y.-H.K.). Of the 127 patients, twenty (thirty-two knees)
were excluded because the constrained condylar knee prosthesis
was not used for the revision, leaving 107 patients (125 knees)
who had a revision total knee arthroplasty with use of the Legacy
constrained condylar prosthesis (LCCK; Zimmer) (Figs. 1-A and
1-B). The indication for using this prosthesis was an absent
posterior cruciate ligament and a deficient medial or lateral
collateral ligament but an intact quadriceps mechanism. Data on

107 patients were entered into the database. However, ten of the
107 patients were later excluded from the database because
they were lost to follow-up before one year after the operation.
Therefore, only ninety-seven patients (114 knees) composed
the study group. The study was approved by the institutional
review board, and all patients provided informed consent.

The records of the ninety-seven patients were entered into
an ongoing computerized registry that was updated continu-
ously. All of the knees were reviewed by an orthopaedic surgeon
not connected with the original surgery, and the data were en-
tered into a computerized record. Routine follow-up evaluation
was scheduled at postoperative intervals of three months, six
months, one year, and yearly thereafter. At these intervals, the
patients were evaluated and radiographs were made. Preoper-
ative and postoperative review data were recorded according to
the scoring systems of the Knee Society7, the Hospital for
Special Surgery8, WOMAC6, and a 10-point visual analog scale

Fig. 1-A Fig. 1-B

Figs. 1-A and 1-B The Legacy constrained condylar knee (LCCK) prosthesis. Fig. 1-A Frontal view. Fig. 1-B Side view.
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for patient satisfaction. We grouped the visual analog scale
responses into four categories9: £2 indicated fully dissatisfied; 3
to 5, somewhat dissatisfied; 6 to 8, satisfied; and 9 to 10, fully
satisfied. This grouping is somewhat arbitrary and has not

been validated, but we believed it provides a subjective im-
pression of the degree of patient satisfaction. The demographic
data on the patients are summarized in Table I.

Fourteen knees with an infection preoperatively had a
two-stage revision (removal of the prosthesis with intravenous
antibiotics for six weeks followed by reimplantation with in-
travenous antibiotics for an additional six weeks). Clinical,
hematologic, and radiographic data were recorded, including
any documented history of pyogenic or tuberculous infection at
the site of a previous surgical procedure on the involved knee,
relevant laboratory findings, and clinical features such as draining
sinuses. If radiolucent areas that might represent localized os-
teolysis were present, they were considered when the revision
total knee arthroplasty was planned. In this series, the labora-
tory findings, including a complete blood-cell count, erythro-
cyte sedimentation rate, C-reactive protein level, and aspirated
joint-fluid analysis, were all within normal limits before the
revision surgery.

Epidural normotensive anesthesia was used for all pro-
cedures. Sixty-one knees were approached through a previous
anterior midline incisional scar, and the remaining fifty-three
knees were approached through a previous medial parapatellar
incisional scar. A quadriceps snip10 was required in fifty-nine
knees (52%) to avoid patellar tendon avulsion. No knee had a
tibial tubercle osteotomy. Following implant removal, the joint
line was reestablished with the use of distal femoral augmen-
tation in forty-one knees (36%). Both constrained condylar and
posterior stabilized prostheses were available in the operating
room. A trial component of a posterior stabilized prosthesis was
inserted first, and the stability of the knee was checked. If it was
unstable in any direction, a condylar constrained prosthesis
was used. The medullary canal was reamed to the point of mild
resistance but not to so-called cortical chatter. A modular stem
with distal and/or posterior femoral augments was used to fill
the flexion space and to achieve balance with the extension
gap. The osseous surfaces were meticulously prepared with a
saw or a high-speed burr to increase surface contact area. Sim-
plex P cement (Howmedica, Rutherford, New Jersey), manually
impregnated with 1 g of vancomycin, was digitally pressurized
into the metaphyseal bone while the modular stem was press-
fit in eighty-five knees (75%). In the remaining twenty-nine
knees, cement was used both in the metaphyseal bone and
around the modular stem. The patella had been resurfaced at
the time of revision surgery in 102 knees (89%) and had not
been resurfaced in ten knees (9%) because of insufficient bone
stock. In the remaining two knees, a trabecular patellar pros-
thesis was used to resurface the patella.

A splint was applied with the knee in 15� of flexion and was
maintained for the first twenty-four hours after the operation to
relieve pain. Subsequently, the knee then was placed on a contin-
uous passive motion machine twice daily for thirty minutes each
time for ten to fifteen days. The settings were advanced gradually
under the supervision of a therapist until the knee reached 100� of
flexion, which occurred between three and five days. Also, the
patients performed active range-of-motion exercises under the
supervision of a therapist twice daily for thirty minutes each time.

TABLE I Demographic Data on the Ninety-seven Patients

Who Had 114 Revision Total Knee Arthroplasties

with a Legacy Constrained Condylar Knee Prosthesis

Sex (M/F) 84/13

Age* (yr) 65 (26-81)

Primary diagnosis (no. [%] of
patients/no. of knees)

Osteoarthritis 93 (96)/108

Osteonecrosis of the medial
femoral condyle

2 (2)/4

Quiescent tuberculous arthritis 2 (2)/2

Height* (cm) 154.5 (139-178)

Weight* (kg) 64.1 (40.6-111)

Body mass index* (kg/m2) 26.9 (18.0-40.5)

Reasons for revision (no. [%] of knees)

Aseptic loosening 62 (54)

Wear of tibial polyethylene 25 (22)

Infection 14 (12)

Instability 9 (8)

Flexion contracture 2 (2)

Tight posterior cruciate ligament 1 (1)

Failure of unicompartmental
prosthesis

1 (1)

Mean duration between
primary and revision
total knee arthroplasties (range)

6.1 yr (6 wk to 24 yr)

Prosthesis before revision†
(no. [%] of knees)

Miller-Galante without cement 25 (22)

Porous-coated anatomic
without cement

24 (21)

Low contact stress with cement 14 (12)

Press-fit condylar with cement 12 (11)

Anatomic modular knee with cement 12 (11)

NexGen cruciate-retaining flex
with cement

9 (8)

Scorpio with cement 7 (6)

Omnifit with cement 5 (4)

Advance with cement 3 (3)

Oxford unicompartmental
with cement

3 (3)

Duration of follow-up* (yr) 7.2 (5-10)

*The values are given as the mean, with the range in parentheses.
†The NexGen and Miller-Galante prostheses are manufactured by
Zimmer (Warsaw, Indiana); the Scorpio and Omnifit prostheses, by
Stryker (Mahwah, New Jersey); the Advance prosthesis is manu-
factured by Wright Medical (Arlington, Tennessee); and the Oxford
unicompartmental prosthesis, by Biomet (Warsaw, Indiana).
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No patient had continuous-passive-motion therapy at home. All
of the patients began standing at the bedside or walking with
crutches or a walker twice daily for thirty minutes each time under
the supervision of a therapist on the second postoperative day. The
patients used crutches or a walker with full weight-bearing for six
weeks and used a cane when needed thereafter.

Standing anteroposterior radiographs, including the fem-
oral head and ankle, as well as supine, lateral, and skyline pa-

tellar radiographs of the knee were obtained under fluoroscopic
control. Two observers, who were not involved with the surgery,
assessed the radiographs for the alignment of the limb, the
position of the components, and the presence and location of all
radiolucent lines at the cement-bone interface, according to the
recommendations of the Knee Society 7. The skyline patellar
radiographs were examined for patellar tilt, subluxation, or
dislocation. If there was no alignment or position change of the

TABLE II Clinical Results at the Final Follow-up

Scoring System* Score P Value

Hospital for Special Surgery knee score (points)

Preoperative 31 (23-57) <0.0001

Postoperative 83 (54-100)

Knee Society knee score (points)

Preoperative 35 (25-56) <0.0001

Postoperative 90 (41-100)

Knee Society function score (points)

Preoperative 16 (220-35) <0.0001

Postoperative 64 (15-100)

Hospital for Special Surgery pain score (points)

Preoperative 9 (3-13) 0.0245

Postoperative 25 (20-30)

Knee Society pain score (points)

Preoperative 19 (0-25) 0.0312

Postoperative 43 (18-50)

Hospital for Special Surgery score for walking distance (points)

Preoperative 3.1 (0-8) 0.0451

Postoperative 9.3 (4-12)

Knee Society score for walking distance (points)

Preoperative 10.4 (0-20) <0.0001

Postoperative 30.6 (20-50)

Range of motion (deg)

Preoperative 95 (55-115) 0.12

Postoperative 106 (67-125)

WOMAC score (points)

Preoperative 85 (68-96) 0.015

Postoperative 34.5 (5-58)

WOMAC score for physical function (points)

Preoperative 50 (38-58) 0.038

Postoperative 24 (54-100)

WOMAC score for social function (points)

Preoperative 28 (25-30) 0.022

Postoperative 12 (11-14)

WOMAC score for emotional function (points)

Preoperative 50 (45-55) <0.0001

Postoperative 11 (10-25)

*The values are given as the mean, with the range in parentheses. WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
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components and a radiolucent line was incomplete and <1 mm
in width, the radiographic results were defined as good. If there
was no circumferential radiolucent line or component mi-
gration, the component was defined as well fixed.

The joint line was determined on anteroposterior radio-
graphs, made with the patient supine before and after revision, by
measuring the distance between the tip of the fibular head and
the distal margin of the lateral femoral condyle preoperatively
and the tip of the fibular head and the distal margin of the lateral
femoral component postoperatively.

Statistical Analysis
All data were checked for normality with use of the Shapiro-
Wilk W test. Comparisons between the preoperative and
postoperative data were done with the paired t test for normal
distribution and the Wilcoxon test for skewed data. A p value of
<0.05 was considered to be significant. Kaplan-Meier curves
were used in the analysis of the rate of survival of the prosthe-
ses11, and the confidence interval at certain time points was
calculated with the formula of Greenwood12.

Source of Funding
There was no external funding source for this study.

Results

The mean Hospital for Special Surgery knee score and Knee
Society knee and functional scores were 31, 35, and 16

points, respectively, before the operation and 83, 90, and 64
points at the final follow-up evaluation. The mean preoperative
and postoperative WOMAC scores were 85 and 34.5 points,

respectively. The mean range of motion was 95� preoperatively
and 106� at the time of the final follow-up. The mean scores for
the social function and emotional function components of the
WOMAC score were 28 and 50 points, respectively, before the
operation and 12 and 11 points at the time of the final follow-up
(Table II).

All except for the five knees (4%) that had undergone
rerevision had good radiographic results (Figs. 2-A and 2-B)
(Table III). Sixty-five (76%) of the eighty-five knees that were
fixed with a so-called hybrid technique (cement fixation of the
femoral metaphysis and the femoral cut surface, but press-fit
fixation of the femoral component stem) had good interdigi-
tation between the cement and the bone in both the femoral
metaphysis and the femoral cut surface. The remaining twenty
knees had good interdigitation between the cement and the
femoral cut surface, but they had poor interdigitation in the
femoral metaphysis. Nineteen (95%) of these twenty knees had
an incomplete radiolucent line (<1 mm) at the bone-cement
interface of the distal or posterior femoral condyle. The re-
maining knee, which had a circumferential complete radio-
lucent line with a width of >2 mm and aseptic loosening of the
femoral component, was revised. Of the sixty-five knees that
had good cement interdigitation at both the femoral me-
taphysis and the femoral cut surface, none had a radiolucent
line or aseptic loosening. One of twenty-nine knees that were
fixed with use of cement both in the femoral metaphysis and
around the modular femoral stem had an incomplete radio-
lucent line of <1 mm, and the remaining twenty-eight knees
had no radiolucent line at the interface between the distal end
of the femur and the cement.

Fig. 2-A

Figs. 2-A and 2-B Radiographs of a sixty-eight-year-old woman who had total knee arthroplasties for

osteoarthritis. Fig. 2-A A prerevision standing anteroposterior radiograph of both knees reveals varus

tilt of the tibial component with a medial tibial plateau fracture of the right knee.
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Good interdigitation between the bone and cement was
obtained in the tibial metaphysis in 112 knees. Twenty-nine
(34%) of eighty-five knees that were fixed with so-called hybrid
fixation had an incomplete radiolucent line (<1 mm) at the bone-
cement interface of the medial and/or lateral tibial plateau. Three
of eighty-five knees had a circumferential complete radiolucent
line with a width of >2 mm at the bone-cement interface of the
proximal end of the tibia, and they were revised. Three of twenty-
nine knees that were fixed with use of cement both in the me-
taphysis and around the modular tibial stem had an incomplete
radiolucent line of <1 mm at the interface between the cement
and the proximal end of the tibia. The remaining twenty-six of
the twenty-nine knees had no radiolucent line. No knee was
associated with femoral or tibial pain at the end of the stem.

The mean score for patient satisfaction after the operation
was 8.4 ± 1.6 points as assessed on the 10-point visual analog
scale. Ten of ninety-seven patients were fully dissatisfied, five
were somewhat dissatisfied, fifty-one were satisfied, and the re-
maining thirty-one patients were fully satisfied.

The complication rate was 9%. Four knees (4%) had
aseptic loosening. One of the four knees had femoral compo-
nent loosening and the other three had tibial component
loosening. These three knees had a rerevision with a Legacy
constrained condylar prosthesis with both metaphyseal and
stem fixation with cement. A pyogenic infection recurred in two
knees, and these two knees underwent two-stage revision op-
erations. There was no recurrence of infection at six years of
follow-up. One of these knees had extensive osteolysis around

Fig. 2-B

Fig. 2-B An anteroposterior standing radiograph of both knees, made eight years after

revision surgery, reveals the total knee femoral and tibial components of the right knee

are well fixed in a satisfactory position. The allograft used to treat medial tibial bone

stock deficiency is well incorporated to the host bone.
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the femoral component at seven years after the operation, and it
had a rerevision with a Legacy constrained condylar prosthesis.
Three knees (3%) had a quadriceps tendon rupture at six
months, one year, and three years, respectively, after the revision
operation. Each patient had episodes of buckling of the knee
while walking downhill or descending stairs. One patient was
advised to have a repair of the ruptured tendon, but she de-
clined. The remaining two patients underwent a repair and
obtained 70� and 85� of flexion, respectively, and both patients
had 15� extension lags. One knee (<1%) had a fracture of the
tibial polyethylene post and had a rerevision with a Legacy
constrained condylar prosthesis for instability symptoms.

Kaplan-Meier survivorship analysis, with revision or
radiographic failure as the end point for failure, estimated the
ten-year rate of survival of the components to be 96% (95%
confidence interval, 94% to 100%).

Discussion

We performed this study to determine whether revision
total knee arthroplasty with use of a constrained condylar

knee prosthesis would improve knee and WOMAC scores and
would provide satisfactory, radiographically stable fixation of
the implants with a low complication rate. Eighty-eight (91%)
of the ninety-seven patients had marked improvement in knee
pain, knee function, and WOMAC scores following the revision
total knee arthroplasty. Also, 109 (96%) of the 114 knees had
stable implant fixation, but the complication rate was 9% (ten
knees). Furthermore, eighty-two (85%) of the ninety-seven
patients were satisfied with the outcome of the revision total
knee arthroplasty.

There is a paucity of literature pertaining to the results of
knee and pain scores, knee function, and WOMAC scores after
revision total knee arthroplasty with use of a posterior stabilized
prosthesis or a constrained condylar prosthesis. Haas et al.2

reported that, although the knee scores for the knees with a
posterior stabilized knee prosthesis were higher than those for
the knees with a constrained condylar prosthesis, this differ-

ence was slight on the basis of the numbers available. They
stated that the slight difference was related to the fact that the
constrained condylar prostheses were used in knees with
greater soft-tissue damage. Other authors have reported that
Knee Society and Hospital for Special Surgery knee scores
improved markedly after revision total knee arthroplasty with
use of a constrained condylar knee prosthesis, as reflected by
an increased walking distance, increased functional abilities,
and a decrease in pain3,6,13-15.

Several clinical studies have suggested that radiolucent
lines occur more often after revision than after primary total
knee arthroplasty13,15. One early clinical series of revision total
knee arthroplasty with use of the Total Condylar-III pros-
thesis found radiolucent lines in twenty-two (61%) of thirty-
six patients4, and another series of fourteen knees identified
radiolucent lines around the tibial component in ten knees
and around the femoral component in four knees3. In recent
reports, the occurrence of radiolucent lines has been reported
to range from 36% (thirteen) of thirty-six knees to 72%
(twenty-eight) of thirty-nine knees after revision total knee
arthroplasty with use of various prostheses16,17. In the current
series, radiolucent lines were identified around the tibial
component in 31% (thirty-five of 114 knees) and around the
femoral component in 18% (twenty-one knees). Adequate
cement fixation was obtained in ninety-four (82%) of 114
knees in the femoral metaphysis and in 112 knees (98%) in
the tibial metaphysis. It is likely that the ease of access to the
tibial metaphysis makes interdigitation into the exposed can-
cellous bone in the tibia more reproducible than it is in the
femur.

Peters et al.14 reported the results of fifty-seven revision
total knee arthroplasties, including fourteen in which only a
posterior stabilized prosthesis was used. Of those fourteen
revisions, three failed as a result of instability. Moreover, only
one of forty-three knees reconstructed with a constrained
condylar knee prosthesis had aseptic loosening at an average of
five years postoperatively. On the contrary, Vince and Long1

TABLE III Radiographic Results at the Final Follow-up

Period*

Parameter Before Revision After Revision P Value

Tibiofemoral angle (deg) 0.81 of varus (11-29) 5.5 of valgus (0.5 of varus to 7.7 of valgus) <0.001

Femoral angle (deg)

Coronal 91 (81-100) 96 (91-99) 0.012

Sagittal 20.7 (28.4-12.7) 2.3 (20.9-5.1) 0.015

Tibial angle (deg)

Coronal 80.4 (75-91) 90 (85-94) 0.045

Sagittal 85.2 (81-93) 89 (85-94) 0.041

Joint line (cm) 14.7 (9.6-19.8) 16.7 (2.2-34.8) 0.124

Posterior condylar offset (cm) 24.2 (14.8-27.9) 24 (17.6-34.6) 0.235

*The values are given as the mean, with the range in parentheses.
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observed a high rate of aseptic loosening after revision total
knee arthroplasty with the use of a constrained total knee
prosthesis, and most of the patients who had a failure had a
history of infection. In the current study, we had a low rate of
failure of the Legacy constrained condylar knee prosthesis
partly because of a low rate of infection. Our findings are
consistent with those of Peters et al.14.

Several investigators have reported improved quality of
life with improvement in pain relief, walking distance, defor-
mity, and function after revision total knee arthroplasty with a
constrained condylar total knee prosthesis2-5,14,18,19. In the cur-
rent series, we also found that eighty-two (85%) of the ninety-
seven patients with a painful total knee preoperatively had an
improved quality of life with improvement in pain relief,
walking distance, deformity, and function after the revision
arthroplasty with a constrained condylar total knee prosthesis.

The complication rate in this series of revision total knee
arthroplasties with a Legacy constrained condylar knee pros-

thesis (ten knees; 9%) was higher than that reported for primary
total knee arthroplasties5,7. All but one of the complications
were treated successfully by rerevision with a Legacy constrained
condylar knee prosthesis. One patient who had a ruptured
quadriceps tendon declined to have a reoperation. Therefore,
we believe that complications after revision with use of a
Legacy constrained condylar knee prosthesis can usually be
managed by rerevision with the same prosthesis. n

NOTE: The authors thank Yoowang Choi, MD, and Oh-Ryong Kwon, MD, for their radiographic
assessments.
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