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a b s t r a c t

Background: This study aimed to clarify differences in clinical results, including in patients’ joint
awareness, between cruciate-substituting (CS) and cruciate-retaining (CR) medial pivot total knee
arthroplasty (TKA) over a 10-year follow-up.
Methods: A total of 333 TKAs were included in this study. There were 257 cases of CS and 76 cases of CR
TKAs. Knee range of motion, Knee Society Score, and radiological outcomes were assessed. The patients’
joint awareness was evaluated using the Forgotten Joint Score-12 at the final follow-up. The survival rate
with respect to reoperation or revision was analyzed.
Results: The mean follow-up period was 10 ± 1.7 years, and the loss to follow-up was 5.4%. All clinical
outcomes improved significantly after surgery in both groups (P < .001). Postoperative knee flexion was
118� ± 13� in the CS group and 116� ± 10� in the CR group (P ¼ .10). The mean Forgotten Joint Score-12
scores were 57 ± 27 points in the CS group and 56 ± 28 points in the CR group (P ¼ .59). Ten years after
the operation, the survival rates for reoperation were 96.3% in the CS group and 94.2% in the CR group
(P ¼ .61), and those for revision were 98.4% and 98.7% in the CS and CR groups, respectively (P ¼ .87).
Other postoperative clinical results did not differ between the 2 groups.
Conclusion: In this 10-year follow-up study, medial pivot TKA, regardless of polyethylene insert type,
showed a high survival rate and good patient awareness of the prosthetic joint.

© 2021 Elsevier Inc. All rights reserved.
Themedial pivot total knee arthroplasty (TKA) was developed to
mimic natural knee kinematics, with a single radius curvature, high
conformity of the medial compartment, and an unrestricted lateral
compartment [1]. These features reproduce the natural rollback of
the femur during flexion and achieve good anteroposterior knee
stability [2]. The medial pivot design has good longevity and high
patient satisfaction after TKA [1,3].
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Recently, patient-reported outcome measurements (PROMs)
have been commonly used to assess the postoperative clinical re-
sults of TKA [4,5]. Joint awareness in everyday life was developed as
a PROM to evaluate clinical results, especially those related to pa-
tient satisfaction [6,7]. Awareness was evaluated using the
Forgotten Joint Score-12 (FJS-12), which is an excellent tool for the
assessment of joint satisfaction [6]. According to a previous report,
the medial pivot prosthesis is likely to have a higher FJS-12 than
other designed prostheses [3]. However, the difference in joint
awareness between different types of medial pivot prostheses re-
mains unknown.

The medial pivot prosthesis ADVANCE (MicroPort Orthopedics
Inc, Arlington, TN) has shown good clinical results, with a long-
term survival rate of 96.4%-98.8% [1,8]. This prosthesis has 2
different designs: a cruciate-substituting (CS) type and cruciate-
retaining (CR) type. The CS type has a complete ball-and-socket
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Fig. 1. Schema of the difference between CS-type and CR-type medial pivot prostheses. CS-type and CR-type inserts of the same size are shown. The CS-type insert has a com-
plementary ball-and-socket joint surface with anterior and posterior lips on the medial side, while the CR type insert has slightly reduced lips to allow better knee flexion by
femoral rollback. Overviews from the proximal side of the contact surface of the CS type and CR type are shown in orange. The CR type has a wider contact area between the femoral
component and the polyethylene insert (A). The polyethylene insert of the CS type has higher lips at the anterior (B) and posterior (C) than the CR type. CS, cruciate substitution; CR,
cruciate retaining.
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on the medial side with higher anterior and posterior polyethylene
lips, whereas the CR type has slightly reduced anterior and poste-
rior polyethylene lips to allow greater knee flexion and rollback
motion (Fig. 1). The difference in general clinical results between
the CS and CR types has been found to be not significant [9].
Table 1
Patient Demographics.

Parameters Total (n ¼ 333) CS Typ

Age at operation (y) 75.9 (7.3, 53-88) 76.2
Woman, n (%) 308 (92.5) 241
Height (cm) 151.3 (6.2, 138-168) 151.5
Weight (kg) 53.74 (8.7, 38-80) 53.9
BMI (kg/m2) 23.39 (3.0, 18.3-32.0) 23.4
Deformity, n (%)
Valgus knee 4 (1.2) 2
Neutral knee 37 (11.1) 28
Varus knee 292 (87.7) 227

Disease, n (%)
Osteoarthritis 318 (95.5) 244
Rheumatoid arthritis 10 (3.0) 10
Osteonecrosis 5 (1.5) 3

Follow-up period (y) 10.1 (1.7, 7.3-13.6) 10.1

Mean, standard deviation, and range were provided, or number and percentage were p
assessed between CS type and CR type groups.
CS, cruciate substitute; CR, cruciate retaining; BMI, body mass index; PCL, posterior cruc
However, the differences in joint awareness and FJS-12 according to
prosthesis design remain unknown.

Therefore, this study aimed to clarify the differences in joint
awareness and other clinical results between CS-type and CR-type
inserts of medial pivot prostheses in a long-term observational
e (n ¼ 257) CR Type (n ¼ 76) P Values

(7.3, 53-88) 74.6 (7.3, 57-88) .13
(93.8) 67 (88.2) .13
(6.2, 138-168) 150.7 (5.9, 139-165) .38
(8.1, 38-80) 53.2 (10.0, 38-80) .58
(2.9, 18.3-32.0) 23.3 (3.4, 18.3-32.0) .78

.36
(0.7) 2 (2.6) e

(10.9) 9 (11.8) e

(88.3) 65 (85.6) e

.13
(87.2) 74 (97.4) e

(3.9) 0 (0) e

(1.2) 2 (2.6) e

(1.7, 7.0-13.6) 10.0 (1.7, 7.0-12.9) .56

rovided. PCL was resected in CS type. PCL was retained in CR type. P values were

iate ligament.



Table 2
Clinical and Radiological Parameters at Preoperation and Final Follow-Up.

Parameters Preoperation (n ¼ 333) Final Follow-Up (n ¼ 333) P-Value

Clinical outcomes
KSS knee score (points) 39.4 ± 4.6 (28-55) 87.6 ± 4.9 (74-100) <.001
KSS function score (points) 41.5 ± 4.9 (30-60) 90.1 ± 5.2 (75-100) <.001
Knee extension (�) �2.5 ± 4.7 (�20 to 0) �0.2 ± 1.6 (�10 to 5) <.001
Knee flexion (�) 113 ± 12.7 (85-135) 118 ± 9.8 (85-135) <.001
VAS for knee pain (points) 8.0 ± 1.0 (4-10) 1.9 ± 1.1 (0-5) <.001
FJS-12 total score (points) NA 58.32 ± 29.2 (0-100) NA

Radiological outcomes
Femorotibial angle (�) 184.8 ± 3.6 (169.9-195.4) 176.1 ± 1.0 (172.9-179.8) <.001
Prosthetic alignment
a (�) NA 94.8 ± 7.3 (90.4-98.5) NA
b (�) NA 90.5 ± 1.2 (87.2-94.3) NA
g (�) NA 2.4 ± 1.1 (�1.5 to 6.6) NA
d (�) NA 4.0 ± 1.5 (�1.0 to 10.4) NA

Radiolucent line, n (%) NA 36 (10.8%) NA
Aseptic loosening, n (%) NA 0 (0%) NA

Mean, standard deviation, and range or number and percentage were provided. P values were calculated between preoperation and final follow-up groups.
KSS, Knee Society Score; VAS, Visual Analog Scale; FJS, Forgotten Joint Score; NA, not applicable.
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study. We hypothesized that there are no differences in clinical
results, including PROMs, following TKA between the CS-type and
CR-type inserts.
Materials and Methods

In total, 442 consecutive TKAs performed between January 2006
and January 2012 were enrolled in this retrospective cohort study.
The inclusion criteria of this study were patients who underwent
TKA, as performed by a senior surgeon (N.K.), using the ADVANCE
knee system at our joint clinic center and who were followed up at
our outpatient department at the research time point. The exclusion
criteriawere patients who underwent TKAusing other prostheses or
whowere operatedonby fellowsor resident surgeonsworking in the
short term at our hospital. Eighty-three TKAs were excluded ac-
cording to the following criteria: 36 TKAs used other prostheses and
47 TKAswere performed by junior surgeons. Medial pivot prosthesis
was excluded from cases requiring stem extension or augmentation
due to large bone defect or requiring constraint-type TKA due to
severe instability. Fourteen patients died due to othermedical issues
Table 3
Clinical and Radiological Parameters at Preoperation and Final Follow-Up Between CS an

Parameters Preoperation

CS Type (n ¼ 257) CR Type (n ¼ 76)

Clinical outcomes
KSS knee score (points) 39.7 (28-55) 39.1 (30-51)
KSS function score (points) 41.5 (35-60) 41.8 (35-50)
Knee extension (�) �2.4 (�20 to 0) �2.9 (�20 to 0)
Knee flexion (�) 114 (90-135) 113 (85-135)
VAS for knee pain (points) 8.0 (4-10) 8.2 (4-10)

Radiological outcomes
Femorotibial angle (�) 183.8 (169.9-195.4) 182.7 (170.0-192.1)
Prosthetic alignment
a (�) e e

b (�) e e

g (�) e e

d (�) e e

Radiolucent line, n (%) e e

Aseptic loosening, n (%) e e

Mean, standard deviation, and range or number and percentage were provided. P values
CS, cruciate substitution; CR, cruciate retaining; KSS, knee society score; VAS, visual ana
during the follow-up period, and 19 patients (5.4%) were lost to
follow-up. A total of 333 TKAs were analyzed in this study.

Operative Technique and Postoperative Treatment

A total of 257 CS-type prostheses and 76 CR-type prostheses
were used for TKA. The prosthetic designs of the femoral and tibial
components were identical. All surgeries were performed using the
same operative technique, except for resection of the posterior
cruciate ligament (PCL). Briefly, a medial parapatellar approach was
used, with resection of the PCL for the CS type or with preservation
of the PCL for the CR type. An intramedullary rod for the femoral
component and an extramedullary rod for the tibial component
were used for bone resections, and the prostheses were fixed using
bone cement. Bone resection was performed using the measured
resection technique, and the goal of prosthetic alignment was
perpendicular to mechanical alignment [10]. All patellae were
resurfaced using a polyethylene prosthesis. Postoperative pain
control and physical therapy were identical in all cases, following
the institutional clinical pathway. The polyethylene insert selection
was determined according to the PCL status during the operation.
d CR Types.

Final Follow-Up

P-Value CS Type (n ¼ 257) CR Type (n ¼ 76) P-Value

.18 87.8 (75-100) 87.0 (74-95) .23

.71 90.3 (75-100) 90.0 (745-95) .38

.39 �0.1 (�10 to 5) �0.2 (�10 to 5) .72

.61 118 (85-135) 116 (85-135) .10

.47 1.6 (0-4) 2.1 (0-5) .06

.09 176.2 (172.9-179.8) 176.1 (173.6-178.7) .40

NA 94.1 (91.1-97.3) 94.0 (90.4-98.5) .30
NA 90.7 (87.3-94.3) 90.4 (86.3-93.6) .16
NA 2.7 (�1.5 to 5.6) 2.4 (�1.0 to 6.6) .68
NA 4.0 (�0.8 to 8.6) 4.2 (�1.0 to 10.4) .27
NA 29 (11.3) 8 (10.8) .99
NA 0 (0) 0 (0) NA

were calculated between CS and CR type inserts group.
log scale; NA, not applicable.



Table 4
Details of the FJS-12 Score.

Question: Are You Aware of Your Artificial Joint When? CS Type (N ¼ 257) CR Type (N ¼ 76) P-Value

Total score 57 (SD 27; 35-75) 56 (SD 28; 30-76) .69
Q1. In bed at night 2.5 (1-4) 2.3 (1-3) .13
Q2. Sitting in chair >1 h 2.2 (1-3) 2.1 (1-3) .62
Q3. Walking for >15 min 2.7 (2-4) 2.8 (2-4) .96
Q4. Taking a bath/shower 2.3 (1-3) 2.5 (1-3) .32
Q5. Traveling in a car 2.3 (1-3) 2.4 (1-3) .53
Q6. Climbing stairs 3.0 (2-4) 3.2 (1-5) .30
Q7. Walking on uneven ground 3.1 (2-5) 3.2 (2-5) .73
Q8. Standing from low sitting position 3.2 (2-5) 3.3 (2-5) .73
Q9. Standing for long periods of time 3.3 (2-4) 3.1 (2-4) .52
Q10. Doing housework/gardening 2.9 (2-4) 3.0 (2-3) .82
Q11. Taking a walk/hike 3.0 (2-4) 2.9 (2-4) .52
Q12. Doing your favorite sport 2.6 (1-4) 2.7 (1-4) .58

Mean, standard deviation, and range are provided for the total FJS-12 score, with the mean and quartile (25%-75%) provided for each item. The range of each question is 1
(never aware) to 5 (mostly aware).
CS, cruciate substitution; CR, cruciate retaining; FJS, forgotten joint score; Q, question.
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The CS type was selected based on surgeon preference. When the
surgeon determined that the PCL was slightly degenerated during
the operation, CS type was used [11].

Clinical Outcomes and Data Collection

Knee range of motion and Knee Society Score (KSS) were eval-
uated preoperatively and at final follow-up [12]. The angles of the
knee joint were measured with a standard clinical goniometer
based on a previously established method [13]. The 12-item FJS-12
was used as a PROM at the final follow-up [6]. The raw FJS-12 score
was transformed to a linearly scaled score from 0 to 100, using the
following formula: Final total score ¼ 100 � ([sum{1st item to 12th

item} � 12]/48 � 100) [3]. Radiological outcomes were assessed
with standing short-film radiographs of the knee taken preopera-
tively and at the final follow-up. Furthermore, postoperative pros-
thetic alignment using the KSS classification (a, b, g, d) [14] and
preoperative and postoperative femorotibial angle were evaluated
[15]. The radiolucent line (RLL) was evaluated based on the
recommendation of a previous report [14]. The presence of 2mm or
more of RLL, migration of prosthesis, or prosthetic alignment
change was defined as loosening [1]. The definition of reoperation
and revision was based on the definition of the National Joint
Registry for England and Wales [16]. Briefly, reoperation was
defined as any additional surgery for the knee after TKA, such as
debridement and irrigation, exchange of insert, or revision.
Conversely, revision was defined as surgery performed to remove
one or more components. The indication for reoperation was
determined comprehensively by the surgeon who performed the
Table 5
Details of Reoperation and Revision.

Reasons for Reoperation N, % (Prosthetic Type)

Instability (including knee hyperextension) 6, 1.8% (CS 4, CR 2)

Periprosthetic fracture 5, 1.5% (CS 3, CR 2)

Septic loosening 2, 0.6% (CS 2, CR 0)
Superficial surgical site infection 1, 0.3% (CS 1)
Total reoperation 14, 4.2% (CS 10, CR 4)
Total revision 5, 1.5% (CS 4, CR 1)

The rate of each parameter was calculated from the total cases (n ¼ 333). The rate was
revision rate was not statistically different between prosthetic types.
CS, cruciate substitution; CR, cruciate retaining.
TKA based on the patient’s condition. All clinical outcomes were
evaluated by an orthopedic surgeon who was not involved in the
patients’ treatment (H.U.) based on patient records and
radiographs.

Statement of Ethics

This study was approved by our institutional review board
(approval number, 01,310,719). Informed consent was obtained
from all the participants in this study. All methods involving human
subjects were performed in accordance with the Declaration of
Helsinki.

Statistical Analysis

Univariate analyses were performed to evaluate differences
before and after TKA among the same patients, using a paired t-test
for continuous variables and chi-squared test for categorical vari-
ables. The differences in parameters between CS-type and CR-type
prostheses were analyzed using Student’s t-test for continuous
variables and the chi-squared test for categorical variables. The
survival rate of the prosthesis was evaluated using Kaplan-Meier
analysis with a 95% confidence interval during the follow-up
period [17,18]. The survival rates of the CS and CR types were
compared using the log-rank test. The incidence of reoperation or
revision for any reason was used as an endpoint. A power calcula-
tion was performed to determine the number of knees needed to
detect a difference of approximately 15� (with a standard deviation
of 15) on the range of motion or a difference of 30 points (standard
Treatment (%; CS Cases, CR Cases)

Exchange insert (1.5%; CS 3, CR 2)
Revision of tibial components to constraint (0.6%; CS 1, CR 0)
Open reduction and internal fixation (0.9%; CS 2, CR 1)
Revision of tibial components to constraint (0.6%; CS 1, CR 1)
Two-stage revision of total components (0.6%; CS 2, CR 0)
Debridement and irrigation (0.3%; CS 1, CR 0)
All of above
Revisions of above

calculated from total number of reoperation or revision cases. Reoperation rate or



Fig. 2. Kaplan-Meier survivorship with all cases. Survival analysis of all patients who underwent medial pivot total knee arthroplasty in this study. The endpoints were reoperation
for any reason (A) and revision for any reason (B). The Kaplan-Meier curve with 95% confidence intervals (dashed line) is shown. Censored patients are indicated with a tick mark on
the survival curve. The number of cases every 2 years is indicated below the abscissa as the number at risk. The overall survival rates were 95.8% with reoperation and 98.5% with
revision at 10 years postoperation.

Table 6
Summary of Survival Rates for All Cases.

Time (y) Number at Risk Survival Rate (%) 95% CI

Reoperation for any reasons
2 330 98.8 96.8-99.5
4 327 97.9 95.6-99.0
6 322 96.7 94.1-98.2
8 269 96.3 93.5-97.9
10 170 95.8 92.8-97.6
12 36 93.6 86.7-97.0

Revision for any reasons
2 330 99.7 97.9-99.9
4 327 98.8 96.8-99.5
6 322 98.5 96.4-99.4
8 269 98.5 96.4-99.4
10 170 98.5 96.4-99.4
12 36 98.5 96.4-99.4

CI, confidence interval.
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deviation of 15) on the KSS, based on previous literature [1,8]. At
least 24 knees or more were required to achieve a statistical power
of 80%, with a 2-sided alpha set at 0.01. Statistical significance was
defined as P < .05. Statistical analyses were performed using the R
software package (version 3.1.1; R Core Team, 2014; R Foundation
for Statistical Computing, Vienna, Austria).

Results

Themean follow-up in this studywas 10.1 ± 1.7 years (range 7.3-
13.6). The mean age at operation was 75.9 ± 7.3 years, rate of
woman was 92.5%, and body mass index was 23.4 ± 3.0 kg/m2. The
final analysis of 333 TKAs is presented in Table 1. The differences in
patient characteristics between the CS and CR groups were not
significant.

The clinical and radiological outcomes before TKA and at the
final follow-up are shown in Table 2. The results of subgroup ana-
lyses between the CS and CR groups before TKA and at the final
follow-up are shown in Table 3. The clinical outcomes improved
after TKA in both groups. The RLLs of the femoral component were
observed in 16 (6.2%) CS-type cases and 5 (6.6%) CR-type cases (P ¼
.99). The RLLs of the tibial component were observed in 13 (5.1%)
CS-type cases and 3 (3.9%) CR-type cases (P ¼ .99). All femoral RLLs
appeared at area-1 or area-2 (anterior parts) in the sagittal view,
and all tibial RLLs appeared at area-1 or area-2 (medial parts) in the
coronal view. More than 2 mm of radiolucency (aseptic loosening)
was not observed in any case. No statistically significant differences
were noted in both total and item-specific FJS-12 scores between
the CS and CR types (Table 4).

Knee instability, such as hyperextension, was the main reason
for reoperation (Table 5). The reoperation or revision rates did not
significantly differ between the 2 groups. The overall survival rates
with reoperation and revision as the endpoint were 95.8% and
98.5% at 10 years after TKA, respectively (Fig. 2A and B, Table 6). The
survival rates did not differ significantly between the CS and CR
groups (Fig. 3A and B, Table 7). Prosthetic type was not a risk factor
for reoperation (Table 8).

Discussion

The present study clarified that postoperative joint awareness
after TKA did not differ between patients with CS and CR medial
pivot prostheses. Moreover, this study found no difference in
clinical outcomes, including knee flexion and survival rate, be-
tween the 2 designs over a mean follow-up period of 10 years.

Awareness of the operated joint is considered a reliable indi-
cator of post-TKA patient satisfaction [6]. Critical factors affecting
FJS-12 remain unclear; however, body mass index, age at operation,
and gender have been identified as predictors by one study that
first reported on FJS-12 [19]. Furthermore, another study has
mentioned that postoperative knee stability on the medial side
affected patients’ joint awareness [20]. The CS-type insert has a
higher conformity on the medial side than the CR-type; however,
this variation was not associated with a difference in the FJS-12.

In this study, the design variation between the CS and CR types
did not show significant postoperative knee flexion angle. A
cadaver study has shown that the PCL preserved knee with CR type
reproduced femoral rollback and the PCL resected knee with CS
type reproduced medial pivot motion [21]. Anteroposterior trans-
lation of the femur was correlated positively with flexion knee
angle; therefore, the CR type increasing femoral rollbackmay result
in better knee flexion angle [22]. However, there was no clinical
difference in actual. Eventually, to perform TKA following design
concept, PCL resected in CS type or PCL preserved in CR type would
lead to good knee flexion angle in both insert designs. It is similar
with previous studies showing no differences in postoperative knee
flexion among medial pivot prosthesis designs [9,23,24].



Fig. 3. Kaplan-Meier survivorship between CS type or CR type. Breakdown of survival analysis for cases operated using CS-type or CR-type prostheses. The endpoints were
reoperation for any reason (A) and revision for any reason (B). The black and red lines indicate the CS- and CR-type, respectively. The Kaplan-Meier curve with 95% confidence
intervals (dashed line) is shown. Censored patients are indicated with a tick mark on the survival curve. The number of cases every 2 years is indicated below the abscissa as the
number at risk. The survival rate after reoperation was 96.3% in the CS type and 94.2% in the CR type 10 years after the operation (P ¼ .61). The survival rates with revision were
98.4% for the CS type and 98.7% for the CR type at 10 years after the operation (P ¼ .87).
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The 10-year survival rates in this study were not statistically
different between the CS and CR types. The 10-year survival rates
(revision, 98.4% in CS type and 98.7% in CR type) of this study were
high and comparable to those of previous medial pivot prosthesis
reports [8,25]. Biomechanics studies have shown that the me-
chanical stress on the articular surface is lower in high conformity
insert than in standard conformity insert [26,27]. The CS-type
insert was designed to have a higher articular conformity than
the CR-type insert; however, the rates of RLLs around the compo-
nents were not statistically different. This suggests that other fac-
tors, such as gap tension during surgery, affect the patient more
than the difference in prosthetic designs [28,29]. The wear particles
Table 7
Summary of Survival Rates for CS and CR Type Prostheses.

Time (y) Prosthetic Types Number at Risk Survival Rate (95% CI) P Valuea

Reoperation for any reasons
2 CS 255 98.8% (96.4-99.6) .612

CR 76 100% (NA)
4 CS 252 97.7% (94.9-98.9)

CR 76 98.7% (91.0-99.8)
6 CS 249 97.3% (94.4-98.7)

CR 73 96.1% (88.3-98.7)
8 CS 205 96.9% (93.9-98.4)

CR 64 96.1% (88.3-98.7)
10 CS 131 96.3% (92.9-98.1)

CR 39 94.2% (85.1-97.8)
12 CS 31 93.5% (84.1-97.4)

CR 6 94.2% (85.1-97.8)
Revision for any reasons
2 CS 255 99.6% (97.2-99.9) .874

CR 76 100% (NA)
4 CS 252 99.2% (96.9-99.8)

CR 75 98.7% (90.9-99.8)
6 CS 249 98.4% (95.9-99.4)

CR 73 98.7% (90.9-99.8)
8 CS 205 98.4% (95.9-99.4)

CR 64 98.7% (90.9-99.8)
10 CS 131 98.4% (95.9-99.4)

CR 39 98.7% (90.9-99.8)
12 CS 31 98.4% (95.9-99.4)

CR 6 98.7% (90.9-99.8)

CS, cruciate substitution; CR, cruciate retaining; CI, confidence interval; NA, not
applicable.

a Log-rank test.
of medial pivot prostheses in vivo have been shown to be fewer and
rounder than those of other prostheses [30]. Lesser and smoother
morphology of wear particles is less likely to promote biological
reactions that cause osteolysis than wear particles that are not
[31,32]. In this study, no aseptic loosening was observed for a
maximum of 14 years after the operation; therefore, the medial
pivot prosthesis could be a favorable design for aseptic loosening by
wear particles regardless of design.

The advantages of this study are as follows: first, the clinical
outcomes, including joint awareness of CS and CR medial pivot
prostheses, were assessed over a mean follow-up period of 10 years
with a low loss to follow-up (5.4%). Second, the operation was
performed by a single surgeon in a particular institution using a
specified operative technique. This consistency could be useful to
exclude bias due to differences in actual treatment, such as oper-
ations and perioperative management.

This study had limitations as well. First, the study design was
retrospective. However, the inclusion and exclusion criteria were
defined clearly, and multivariable statistical analysis was per-
formed to remove bias as much as possible. Second, there were
relatively fewer CR than CS cases (76 vs 257 cases, respectively).
However, because the power for statistical analysis was sufficient,
the conclusions of this study could be reasonable. Third, the usage
rate of CS inserts was slightly higher in the early phase, in 2006, of
the observation period. There is a possibility of getting used to
Table 8
Multiple Logistic Regression Model for Risk Factors of Reoperation.

Variables Odds Ratio (95% CI) P-Value

Age at operation 0.99 (0.87-1.12) .89
Gender (male) 0.61 (0.06-6.41) .68
Operation side (left) 0.33 (0.06-1.68) .18
Body mass index 0.87 (0.63-1.09) .18
Preoperative VAS for knee pain 0.79 (0.36-1.74) .56
Preoperative femorotibial angle 1.13 (0.91-1.40) .27
Preoperative KSS knee score 0.81 (0.64-1.02) .08
Preoperative KSS function score 1.06 (0.86-1.30) .61
Preoperative knee extension 1.19 (0.97-1.46) .11
Preoperative knee flexion 1.03 (0.94-1.12) .54
Prosthetic type (CS) 2.16 (0.45-3.91) .19

P value of this model was .04. Total of 271 cases was estimated in this model.
VAS, visual analog scale; KSS, knee society score; CS, cruciate substitution; CI,
confidence interval.
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handling the model, that is, the learning curve bias between the 2
groups.
Conclusion

Regardless of polyethylene insert type, medial pivot prostheses
had a high survival rate and good patient awareness of the pros-
thetic joint over a mean follow-up of 10 years.
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