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Abstract

Purpose Anteroposterior (AP) joint translation is an

important indicator of good clinical outcome following

total knee arthroplasty (TKA). This study evaluated the

in vivo relationship between changes in the degree of

voluntary soft tissue tension and flexion angle versus

simultaneous AP translation after TKA.

Methods A posterior cruciate ligament (PCL)-retaining

meniscal-bearing design was investigated in 20 knees of 20

patients. AP translation was measured at 30� and 75�
flexion with the KT-2000 arthrometer while patients were

anesthetized and non-anesthetized.

Results The mean translations at 30� and 75� were 10.5

and 10.4 mm, respectively, in non-anesthetized patients

and 13.8 and 12.7 mm, respectively, in patients under

anesthesia. AP translation showed a significant positive

correlation with soft tissue tension (p \ 0.001), but not

with flexion angle (p = 0.366). No interaction was

observed between soft tissue tension and the flexion angle

in terms of AP translation (p = 0.431).

Conclusion Surgeons should recognize that AP transla-

tion is greater in anesthetized patients than in non-

anesthetized patients, regardless of the flexion angle, with

no significant correlation between flexion angle and

translation, regardless of the level of consciousness.

Because conformity between the tibial insert and femoral

component decreases with flexion, whereas the opposing

effects of supporting structures, such as muscles, liga-

ments, and capsules, increases, proper soft tissue tension,

particularly retention of a functional PCL, could have an

important role in determining AP translation in the current

prosthesis design.

Keywords Anteroposterior joint translation � Mobile-

bearing total knee arthroplasty � Posterior cruciate ligament

retention � Anesthetization � KT-2000 arthrometer � Flexion

angle

Introduction

The low contact stress (LCS) posterior cruciate ligament

(PCL)-retaining meniscal-bearing (MB) knee prosthesis

(DePuy Orthopaedics, Warsaw, IN, USA) incorporates

separate medial and lateral mobile polyethylene bearings,

which slide independently in circularly arced keyways

running anterior-to-posterior in the metal tibial component.

This design allows unrestrained anteroposterior (AP)

translation and axial rotation of the femur relative to the

tibia, limited only by the periarticular tissues. In addition,

the LCS femoral component has an anatomical articulating

surface, and the radii of curvature decrease posteriorly. The

femoral and tibial LCS components are fully conforming in

the sagittal plane from full extension to 30� flexion and less

conforming for greater flexion due to the decreasing radii

of curvature of the posterior femoral condyles. One of the

major goals of the mobile-bearing knee design is to
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promote load sharing through the relative translation of the

tibial and femoral components [1]. Therefore, soft tissue

involvement should generally be encouraged to decrease

the dependence on intrinsic constraints afforded by the

condylar geometry. Theoretically, soft tissue conditions

play much more important roles in the mobile-bearing knee

than in fixed-bearing prostheses [1]. Even in fixed-bearing

prostheses, a common cause of early revision of total knee

arthroplasty (TKA) was related to instability [2, 3]. Special

care must be taken during the soft tissue part of the pro-

cedure to avoid early revision due to instability [2].

Moreover, Morberg et al. [4] reported the importance of a

functional PCL in limiting excessive AP translation in

AP-gliding rotating platform TKA.

Relationships between AP knee translation after TKA

and clinical results have been examined in vitro [5], the-

oretically [6, 7], and in vivo [6–15]. Approximately

5–10 mm is the preferred value for TKA [6–15]; thus,

understanding knee joint translations after TKA is of crit-

ical importance. However, most previous analyses have

focused primarily on the effect of implant variability on the

geometry [6, 7, 15, 16] or function [11, 13, 16, 17] of the

PCL over time. Because patients perform more than one

type of activity of daily living, the interplay of soft tissue

function under different flexion angles and tensions is

crucial in providing a better understanding of AP transla-

tion in mobile-bearing knee arthroplasty.

Thus, the current study was undertaken to measure the

stability of the LCS meniscal-bearing total knee in anes-

thetized and non-anesthetized patients in terms of AP

translation, as instability is a common reason for TKA

revision [2, 3]. The study hypothesis was that AP transla-

tion would be smaller in non-anesthetized patients and

larger with increasing flexion.

Materials and methods

After describing the study protocol and potential arthrom-

eter-related complications, informed consent was obtained

from all patients. We also received institutional review

board approval. Twenty knees of 20 patients with bilateral

osteoarthritic knees were analyzed. All patients were

scheduled to undergo staged bilateral TKA and initially

received LCSTM prostheses (PCL-retaining MB design;

DePuy Orthopaedics) between July 1998 and January 2011.

The design of this prosthesis allows unrestrained AP

translation and axial rotation of the femur relative to the

tibia. In this system, full contact occurs between the fem-

oral component and tibial insert from 0� to 30�; the

geometry of the prosthesis involves a progressive posterior

reduction in the radius of curvature of the femoral condyle

and a decrease in the conformity with flexion between the

tibial and femoral components (Fig. 1) [18]. Thus, 30� is

characterized by high conformity and 75� by low confor-

mity between the femoral component and tibial insert

(Fig. 2).

All initial TKA procedures were judged to be clinically

successful (Hospital for Special Surgery scores [90) [19]

with no clinical ligamentous instability or pain at the time

of the second TKA. All surgeries were performed by an

experienced surgeon (Y.I.) using a standardized technique,

including the necessary soft tissue release for proper bal-

ance. Ligament-balancing techniques, including the nec-

essary soft tissue release, were used and confirmed with

spacer blocks to ensure a balanced knee with equal flexion

and extension gaps. Proper intraoperative AP and coronal

stability were confirmed manually, although not quantified

intraoperatively. In all knees, the femoral components were

fixed without cement, and the tibial components were fixed

with cement. The indication for patients’ inclusion in this

study was primary osteoarthritis. Contraindications inclu-

ded revision arthroplasty, previous tibial osteotomy, and

Fig. 1 Articulating surface segments (from Pappas [18])

Fig. 2 Sagittal plane view of the LCS rotating platform TKA

demonstrating femoral–tibial congruence at 30� (left, full contact) and

75� (right partial contact) of flexion
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rheumatoid arthritis. The clinical characteristics of the

patients are summarized in Table 1 [20].

AP translation was measured using a KT-2000

arthrometer (MEDmetric, San Diego, CA, USA) following

a standard protocol at 30� and 75� flexion, which was

confirmed with a goniometer. An anterior force of 133 N

and a posterior force of 89 N were applied to the initial

TKA side while the patients were under anesthesia for the

second TKA, and again after they had regained con-

sciousness and were not anesthetized. The initial TKA side

was measured under anesthesia during the second TKA

surgery. The average interval between initial and final TKA

measurements was 22 (range 5–104) months. We measured

the initial side in non-anesthetized patients within the first

week following the second surgery. Using the KT-2000

arthrometer, all patients were observed to relax their

quadriceps. To minimize interobserver variation, an expe-

rienced physical therapist (T.S.) performed all tests. Three

measurements were made and subjected to statistical

analysis; intrasubjective errors were \1 mm.

Statistical analysis

All AP translation values are reported as means ± standard

deviations. The effects of consciousness level and flexion

angle on AP translation values were analyzed using a linear

mixed-effects model for triplicate repeated measures, with

consciousness level and flexion angle serving as fixed effects

and subject as a random effect. The level of significance was

set at p \ 0.05. Statistical analyses were performed using the

SPSS software (version 19; IBM Japan Inc., Tokyo, Japan).

Results

The mean AP translations at 30� and 75� were 10.5 ± 4.6 mm

and 10.4 ± 4.5 mm, respectively, in non-anesthetized

patients and 13.8 ± 5.4 mm and 12.7 ± 5.2 mm, respec-

tively, in anesthetized patients (Table 2; Fig. 3). AP joint

translation was significantly associated with consciousness

level (p \ 0.001), but not flexion angle (p = 0.366). No

interaction was observed between soft tissue tension and the

flexion angle in terms of AP translation (p = 0.431;

Table 3).

Discussion

This study had two main findings. First, the range of AP

translation was significantly larger in anesthetized than in

non-anesthetized patients, regardless of flexion angle.

Second, AP joint translation showed no positive correlation

with flexion angle, regardless of voluntary soft tissue ten-

sion. Thus, the degree of conformity between components

did not affect AP translation in the current prosthesis

design.

Our study has four main limitations. First, the sample

was relatively small. The study was performed in a group

of 20 patients undergoing bilateral TKA using the KT-2000

arthrometer. The measurement methodology is well

established and has been used in many previous studies to

evaluate significant differences [9–11]. Second, the inter-

vals between AP translation measurements ranged from 5

to 104 months, which may have affected the results.

However, some studies [13, 16, 17] have reported no sig-

nificant change in AP translation over a mid-term postop-

erative period in patients undergoing joint replacement

with prostheses employing the PCL-retaining design with

no clinical complaint. Third, AP translation was measured

only in the absence of an axial load because of the char-

acteristics of the arthrometer used. Assessments of trans-

lation under load-bearing conditions may provide a better

understanding of the factors influencing clinical perfor-

mance during activity. Fourth, because this study analyzed

AP translation of the mobile-bearing inserts and the fem-

oral component and inserts simultaneously, detection of

each translation separately was difficult. The strengths of

this study include the treatment of all patients by a single

experienced surgeon using the same instrumentation. Fur-

thermore, all participants were active, with no restriction in

activities of daily living.

Table 1 Patient characteristics

Parameter MB prosthesis

Knees/patients 20/20

Gender, males/females 3/17

Mean age (range), years 70 (61–77)

Mean flexion ± SD 115 ± 12�
HSS score ± SD 92 ± 2

Mean sagittal alignmenta

Femur 2

Tibia 80

a Radiographic analysis was performed using the Knee Society

Radiographic Assessment [20]

MB, meniscal-bearing posterior cruciate ligament-retaining prosthe-

sis; HSS, Hospital for Special Surgery

Table 2 Mean anteroposterior displacement measurements at 30�
and 75� of flexion performed while the patient was conscious and

while under anesthesia

Total displacement (mean ± SD) 30� (mm) 75� (mm)

Conscious 10.5 ± 4.6 10.4 ± 4.5

Under anesthesia 13.8 ± 5.4 12.7 ± 5.2
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With regard to the effect of flexion angle on the muscle

reaction around the knee joint, 15–20� was adopted in an

attempt to minimize the influence of hamstring reactions

during anterior translation [7, 21]. However, because most

previous studies evaluated AP joint translation only in

conscious patients [6–17], the effects of changes in vol-

untary soft tissue tension may not have been eliminated.

The current study simultaneously evaluated the in vivo

relationship between the degree of voluntary soft tissue

tension and flexion angle after TKA versus AP translation

and clarified the interaction between these two variables.

The effect of anesthesia tends to exclude the contribu-

tions of voluntary soft tissue tension on AP knee joint

translation. In this study, in vivo AP joint translation was

significantly associated with voluntary soft tissue tension

(p \ 0.001), regardless of flexion angle; the range of AP

translation was significantly larger in anesthetized than in

non-anesthetized patients, regardless of the difference in

conformity between components in the current prosthesis

design. If the translation values obtained while patients

were under anesthesia can be regarded as almost equivalent

to intraoperative values (i.e., exclusion of the contribution

of voluntary soft tissue tension in structures such as mus-

cles, ligaments, and capsules, although capsulorrhaphy was

not performed), the results of this study indicate that

intraoperative translation is greater than translation mea-

sured in non-anesthetized patients. Thus, surgeons should

be aware that intraoperative AP translation is greater than

the translation defined as optimal under non-anesthetized

conditions, regardless of flexion angle, in the current

prosthesis design.

Moreover, this study showed that AP joint translation

was not significantly associated with flexion angle,

regardless of the opposing effects of supporting structures,

such as muscles, ligaments, and capsules. The geometry of

the prosthesis involves a decrease in conformity between

the tibial insert and femoral components with flexion,

whereas muscular defense [21] and tension of the retaining

PCL [22] increase with flexion. As a result, the muscular

defense and PCL may accelerate AP translation, while the

geometry may decelerate this translation, at 30� flexion; on

the other hand, the converse may be true at 75� flexion.

Therefore, the reverse roles of factors such as conformity

Fig. 3 Three measurements of

mean total displacement (TD) in

a 68-year-old female made

while conscious (a 30� of knee

flexion; b 75� of knee flexion)

and while under anesthesia

(c 30� of knee flexion; d 75� of

knee flexion). a TD, 12.1 mm,

b TD, 11.2 mm, c TD,

13.6 mm, d TD, 14.3 mm.

X-axis: total displacement

(mm), Y-axis: ?, anterior force

133 N, -posterior force 89 N

Table 3 Effect of consciousness level and flexion angle on the

anteroposterior displacement analyzed using a linear mixed-effects

model

Source F Significance (p value)

Consciousness level (a) 19.3 \0.001

Flexion angle (b) 0.8 0.366

Interaction (a*b) 0.6 0.431
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and soft tissue tension at each angle may have no signifi-

cant effect on AP translation. In addition, this situation may

demonstrate the importance of well-functioning soft tissue

conditions in the mobile-bearing knee [1].

Lower conformity, such as 75� flexion with soft tissue

dysfunction including the PCL, might induce non-physio-

logical AP translation in the current prosthesis design. In a

radiographic analysis of this prosthesis design, Hartford

et al. [23] found decreased range of motion and clinical

scores in knees that did not reproduce normal rollback due

to functional insufficiency of the PCL. Therefore, we

should consistently define the proper AP translation values

for the current PCL-retaining TKA design as approxi-

mately 10 mm while conscious and 13 mm while under

anesthesia, although these values may not apply to cruci-

ate-sacrificing or cruciate-substituting TKA designs. In

addition, surgeons should pay careful attention to changes

in the conformity of the femoral and tibial components

with flexion, especially in current prostheses compared

with those with a single-radius femoral component design.

In conclusion, voluntary soft tissue tension had a greater

effect than flexion angle on AP translation in MB pros-

theses. Well-functioning soft tissues, including the PCL,

might allow for the substitution of less conforming

geometry with flexion to control AP translation. These

findings could support the importance of soft tissue con-

ditions with the current prosthesis design [1]. To fully

understand function after knee replacement, clinical per-

formance, and implant durability, the characterization of

AP translation across the spectrum of voluntary soft tissue

tensions and flexion angles that are important for patient

functioning is crucial.
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