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Abstract

Purpose 1t is still controversial whether anteroposterior
(AP) translation magnitude after total knee arthroplasty
(TKA) affects clinical outcomes, particularly range of
motion (ROM). This study examined the following two
questions: (1) are AP translations at the mid- and long-
term follow-up different for knees within the same patient
treated with posterior cruciate ligament-retaining (PCLR)
versus posterior cruciate ligament-substituting (PCLS)
mobile-bearing TKA prosthesis designs? (2) Is the ROM
at the mid- and long-term follow-up for knees treated
with PCLR and PCLS designs correlated with the AP
translation?

Methods Thirty-seven patients undergoing sequential bilat-
eral TKA for osteoarthritis were prospectively enrolled.
Patients received a PCLR implant in one knee and a PCLS
implant in the other and were followed-up for an average
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9.8 & 3.2 years. The AP translations at 30° and 75° of knee
flexion and the ROM of both knees were assessed.

Results The implant design (p < 0.001), but not flexion
angle (n.s.), had a significant effect on AP translation. AP
translation values were larger in PCLR knees than in PCLS
knees at both flexion angles (p < 0.0001). The ROM at the
final follow-up in the two implant designs was similar (both
115°, n.s.). There was a weak correlation between ROM
and AP translation at 30° in the PCLR knees (r = 0.397,
p = 0.015), but no correlation at 75° or in the PCLS knees.
Conclusions Differently constrained prosthesis designs
resulted in significantly different AP translational values
within the same patient. This indicates that achieving good
clinical outcomes and ROM after TKA may not be strongly
influenced by the specifics of each patient’s anatomical
characteristics, but instead by knee constrainment. Clini-
cally, this means that surgeons should familiarize them-
selves with the AP translation of the implant being used, as
this may be the most important factor for optimizing out-
comes after mobile-bearing TKA.

Level of evidence 11, prospective, comparative study.

Keywords Anteroposterior translation - Bilateral total
knee arthroplasty (TKA) - Range of motion - Posterior
cruciate ligament-retaining mobile-bearing TKA - Posterior
cruciate ligament-substituting mobile-bearing TKA - Mid-
and long-term follow-up

Introduction

There is still controversy over whether the magnitude of
anteroposterior (AP) translation after total knee arthro-
plasty (TKA) affects clinical outcomes, particularly the
range of motion (ROM) and maximum flexion [2, 9, 12, 14,
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15, 20, 22-24, 26, 28]. This is because it is unclear whether
AP translations that allow femoral rollback or sliding rela-
tive to the tibial component help prevent early impingement
after roll- or slide forward between the femoral and tibial
components. However, adequate AP translation values have
been reported for a number of TKA prosthesis designs, as
evaluated by various arthrometers under different applied
forces and knee flexion angles. AP translations between 3
and 10 mm generally lead to good short- and midterm clin-
ical outcomes after TKA [6, 7, 9, 10, 14, 16, 18, 20, 22-24,
26-28].

Because the posterior cruciate ligament (PCL) is impor-
tant for controlling AP translation after TKA, many stud-
ies have compared the magnitudes of translation achieved
with PCL-retaining (PCLR) and PCL-substituting (PCLS)
designs [3, 6, 11, 16, 19, 25, 26]. Some studies have
reported larger AP translation in PCLR designs [3, 6, 19, 25,
26], while others reported no difference [6, 11, 16]. How-
ever, all previous research on AP translation was performed
on heterogeneous groups of patients. In such study designs,
it is difficult to account for the variability introduced by
differences in sex, age, soft tissue structures other than the
PCL and PCL tension, all of which can affect post-operative
AP translation. To minimize confounding biases between
patients, it is important to compare the AP translations that
occur after PCLR and PCLS TKA within the same patient.

Thus, the present study investigated a population in
which each patient was treated with a PCLR in one knee
and a PCLS in the other knee. The purpose of the present
study was to determine: (1) the effect of the changes in
constraint on within-patient AP translation at the mid- and
long-term follow-up, and (2) whether the AP translation
affects the ROM after mobile-bearing TKA using PCLR
and PCLS implant designs. This is the first investigation
into the effect of AP translation on ROM after mobile-bear-
ing TKA using PCLR versus PCLS implant designs in the
same patient; hence, this study will involve less confound-
ing biases than previous reports.

Materials and methods

This prospective study was performed at our institute.
Informed consent, including a description of the proto-
col and potential arthrometer-related complications, was
obtained from all patients. There were 65 eligible patients
(130 knees) who underwent bilateral, scheduled, staged
TKAs with a PCLR design on one side and a PCLS design
on the other using the LCS® Total Knee System (DePuy,
Warsaw, IN, USA) between 1998 and 2011. Study partici-
pation was declined by 23 eligible patients, and five eligi-
ble patients were dead at the time of this study. Hence, the
final total was 37 patients (74 knees).

Participants

A total of 37 patients (74 knees) were analysed, with a
median follow-up time of 9.7 years (range 5.0-17.6 years)
in the PCLR knees and 9.5 years (range 5.2-16.5 years)
in the PCLS knees. The median interval between surger-
ies was 11 months (range 4-59 months), and the median
patient age at the time of the last follow-up was 81 years
(range 69-96 years). The preoperative diagnosis for all
patients was osteoarthritis. All patients were followed for a
minimum of 5 years after both knee surgeries. Patients who
were treated with revision arthroplasties, previous tibial
osteotomies, or for rheumatoid arthritis were excluded.

Randomization

Each patient chose which knee would undergo TKA first.
The timing of the second TKA was also determined solely
by the patient based on their perceived ability to tolerate
the additional pain and limitations to their activities of
daily living during the post-operative period. The order of
implant design used was quasi-randomized: patients with
even medical record numbers received the PCLR implant
first, while those with odd medical record numbers received
the PCLS implant first.

Treatment

The two prosthesis designs had the same geometry in the
coronal plane; however, the PCLR design had non-con-
strained AP and rotational movement, while the PCLS
design had only non-constrained rotational movement.
The PCLR meniscal-bearing knee prosthesis incorporates
separate medial and lateral mobile polyethylene bearings
sliding independently in circularly arced keyways run-
ning anterior—posterior in the metal tibial component. This
design allows unrestrained AP translation and axial rotation
of the femur relative to the tibia, limited only by the periar-
ticular tissues. Sacrifice of the PCL necessitates the use of a
translationally constrained prosthesis with a single polyeth-
ylene bearing rotating in the transverse plane without con-
straint. The LCS® femoral component had an anatomical
articulating surface, and the radius of curvature decreased
posteriorly. The LCS® femoral and tibial components were
fully conforming in the sagittal plane from full extension
to 30° flexion and less conforming at greater flexion angles
because of the decreasing radii of curvature of the femoral
posterior condyles.

A single surgeon performed all of the TKA surger-
ies using a standardized technique, including the neces-
sary release of soft tissues to ensure proper balance. The
surgical technique and rehabilitation protocol used were
described in detail in a previous paper [8]. In the flexion
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Table 1 Patient demographics at the final follow-up for the PCL-
retaining (PCLR) and PCL-substituting (PCLS) groups

Characteristics PCL-R PCL-S
Number of knees/patients 37 (37) 37 (37)
Sex (male/female) 5/32

Age (years) 81 (79, 86)

Interval between first and
second TKA (months)

Follow-up period

Body height (cm)

Body weight (kg)

BMI (kg/m?)
Preoperative ROM (°)
Post-operative ROM (°)
Posterior slope (°)*

Post-operative coronal
mechanical axis® (°)*

Preoperative HSS score
Post-operative HSS score
Post-operative KSKSS

11(7,21)

116 (85, 140)
151 (147, 155)
57 (52, 65)

26 (24, 28)
120 (105, 130)
115 (110, 120)
9 (9, 10)
5(3,6)

46 (42, 52)
95 (91, 96)
132 (103, 142)

114 (89, 132)

110 (100, 120)
115 (105, 125)
98, 10)

42,7

43 (38, 50)
95 (91, 96)
132 (103, 142)

Values are expressed as medians (25th percentile, 75th percentile)

PCLR posterior cruciate ligament retaining, PCLS posterior cruciate
ligament substituting, TKA total knee arthroplasty, BMI body mass
index, ROM range of motion, HSS Hospital for Special Surgery [1],
KSKSS Knee Society Knee Scoring System [21]

* Assessed according to the recommendations of the Knee Society
(4]
® Valgus

gap first technique, also called the balanced flexion gap
technique, the proximal tibial osteotomy was performed
first. Although it was not quantified intraoperatively, proper
intraoperative AP stability was confirmed manually. All of
the TKAs were categorized as clinically successful (Hospi-
tal for Special Surgery scores greater than 90 and the new
Knee Society Knee Scoring System scores greater than
130) [1, 21] at the final follow-up. The radiographs were
evaluated in accordance with the recommendations of the
Knee Society [4]. The clinical characteristics of the patients
are summarized in Table 1.

Outcome measures and bias

AP translation was measured using a KT-2000 arthrom-
eter (MEDmetric Corporation, San Diego, CA, USA) fol-
lowing a standard protocol at 30° and 75° of knee flex-
ion, which was confirmed with a goniometer. An anterior
force of 133 N [6, 7, 9, 10, 15, 18, 19, 28] and a posterior
force of 89 N [6, 7, 9, 10, 14, 15, 18, 19] were applied).
All patients were instructed to relax their quadriceps and
hamstrings to minimize voluntary muscular defence. The
same observer performed all of the tests to eliminate
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Fig. 1 Scatterplot shows a significant correlation between range of
motion at the final follow-up and AP translation at 30° of flexion in
the a PCLR knees, but no correlation in the b PCLS knees

interobserver variation. Total AP translation was meas-
ured three times, and the average value of the three meas-
urements was used for analysis. The intraclass correlation
coefficients (ICCs) were calculated to address test—retest
reliability. The ICCs for PCLR were 0.989 (95 % CI
0.982-0.994) at 30° and 0.960 (95 % CI 0.933-0.978) at
60° of knee flexion, and the ICCs for PCLS were 0.963
(95 % CI 0.937-0.979) at 30° and 0.959 (95 % CI 0.931—
0.979) at 60° of flexion.
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One independent physical therapist (TS) measured the
ROM of all patients using a standard hand-held goniom-
eter with 38-cm arms. The patient rested in the supine posi-
tion on the table, and the physical therapist determined the
maximum passive extension and flexion under non-weight-
bearing conditions. The lateral femoral condyle was used
as a landmark to centre the goniometer. The proximal limb
was directed towards the greater trochanter and the distal
limb towards the lateral malleolus. The physical therapist
then measured and recorded the angle magnitude to the
nearest 5°. Finally, the ROM was calculated as the range
between the extension and flexion angles. Approval for this
study was obtained from the Research Board of Healthcare
Corporation Ashinokai, Gyoda, Saitama, Japan (ID num-
ber: 2015-2).

Statistical analysis

A two-way ANOVA with repeated measures was used to
evaluate the differences among TKA implant designs and
knee flexion angles. Post-operative ROM, tibial posterior
slope, and the differences between the PCLR and PCLS
designs in AP translation at 30° and 75° of flexion at the
final follow-up were compared using paired t tests. Addi-
tionally, Pearson correlation coefficients were used to eval-
uate the relationships between AP translation and the ROM
at both 30° and 75° of flexion in both designs at the final
follow-up. A sample size estimation was performed for the
Pearson’s correlation coefficient prior to the study with a
medium effect size of 0.3, an a-error of 0.05, and a power
of 0.8. The minimum required sample size was estimated
to be 41. Since the acquired sample size was small, we per-
formed post hoc power analysis to evaluate the power. All
values are expressed as median (25th percentile, 75th per-
centile). The statistical analyses were performed using IBM
SPSS version 23 software (SPSS, Tokyo, Japan). p values
<0.05 were considered statistically significant.

Results

There was no difference in tibial posterior slope between
the designs (n.s.; Table 1). The two-way ANOVA with
repeated measures showed that TKA implant design effect
(p < 0.001), but not knee angle effect (n.s.), had a signifi-
cant effect on AP translation. At both 30° and 75° of flex-
ion, the AP translation values for PCLR were significantly
larger than those for PCLS designs (p < 0.001 at 30°,
p < 0.001 at 75°). Additionally, the differences between the
PCLR and PCLS values at 30° of flexion were significantly
larger than those at 75° (p = 0.006) (Table 2). Within indi-
vidual knees, there were no significant differences between
the AP translation magnitudes at 30° and 75° of flexion

Table 2 Mean anteroposterior translations at 30° and 75° of flexion

PCL (mm) Retaining Substituting  p value Difference
30° 11.8 (7.6,16.0) 7.1(5.0,9.6) <0.001 4.8(2.7,8.3)
75° 11.7(8.3,14.2) 7.9(6.0,9.8) <0.001 3.5(0.4,5.6)
p value n.s. n.s. 0.006

Values are expressed as medians (25 percentile, 75 percentile)

PCL posterior cruciate ligament

in the PCLR implants (n.s.) or the PCLS implants (n.s.)
(Table 2).

The median ROM at the final follow-up was 115°
(110°, 120°) in the PCLR knees and 115° (105°, 125°) in
the PCLS knees, and there was no difference between the
two groups (n.s.) (Table 1). There was weak correlation
between the ROM and AP translation at 30° in the PCLR
knees (r = 0.397, p = 0.015), but no correlation in the
PCLS knees (n.s.) (Fig. 1a, b). Similarly, there was no cor-
relation between the ROM and AP translation at 75° in the
PCLR knees (n.s.) and the PCLS knees (n.s.) (Fig. 2a, b).
The post hoc power analysis for the Pearson correlation
coefficient test based on a moderate effect size (r = 0.300)
revealed that the power of the test was 85 % (« = 0.05).

Discussion

There were three important findings in the present study.
First, good mid- and long-term clinical results indicate that
mean AP translations of 7-12 mm are appropriate in both
PCLR and PCLS mobile-bearing TKA design prostheses.
Second, AP translation may not be strongly determined by
each patient’s anatomical characteristics, but instead by the
knee constrainment after TKA regardless of flexion angle;
even within the same patient, higher constrainment led to
less AP translation and lower constraint led to more AP
translation. Third, ROM and AP translations of 7-12 mm
were only significantly correlated for the PCLR knees at
30°. Moreover, while the AP translation in the PCLR knees
at 30° was weakly correlated with ROM, the correlation
was not significant at 75° of flexion or at either 30° or 75°
in the PCLS knees.

The appropriate post-operative AP translations for a
number of TKA implant designs have been reported as
approximately 3—10 mm [6, 7, 9, 10, 14, 16, 18, 20, 22-24,
26-28]. The median AP translations in cases with good out-
comes are consistently 7-8 mm for PCLS and 11-12 mm
for PCLR implants, regardless of measurement angle. The
PCLR design had non-constrained AP and rotational move-
ment between the tibial insert and component, whereas the
PCLS design had only non-constrained rotational move-
ment between them. Additionally, because the conformity
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Fig. 2 Scatterplot shows no significant correlations between the
range of motion at the final follow-up and AP translation at 75° of
flexion for either the a PCLR or b PCLS knees

between the two components in the sagittal plane in both
designs decreases with increasing flexion and the func-
tional PCL in the PCLR design tightens with flexion [5],
the AP translation may be mainly limited by the tensed
PCL in the PCLR design, while the loss of conformity may
be the major limitation in the PCLS design at 75° of flex-
ion. The differences in AP translation between the PCLR
and PCLS knees were significantly smaller at 75° com-
pared with those at 30° of flexion.

@ Springer

Many studies have compared the AP translations among
prostheses with different designs [3, 6, 11, 17, 19, 20, 25,
26], but all were based on data from heterogeneous patient
populations, and hence may include unwanted bias in the
measurements. AP translation can be affected by the joint
geometry, soft tissue structures, and PCL tension. In con-
trast with previous work, the differences in AP translation
recorded here are likely solely the result of the differences
in the degree of constrainment provided by the two designs
for the tibial insert and tray and/or retention of the PCL,
as the non-PCL soft tissue structures are likely very simi-
lar within the same patient. The present results indicate that
the amount of AP translation may be determined primar-
ily by the constrainment of the knee after TKA, because
the AP translation values were significantly different for
the two designs within individual patients at both angles.
A previous kinematics study [17] using the same designs
supports our results; within-patient comparisons revealed
that the AP translations in meniscal-bearing knees were
larger than those in rotating-platform knees under different
dynamic conditions [17].

AP translation in this study did not correlate with the
ROM at the mid- and long-term follow-up, except in PCLR
knees at 30° of flexion, the case with the least constraint
on the soft tissues. The effects of muscular defence of the
hamstrings during anterior drawer testing [13] and the ten-
sion of the retained PCL [5] are reduced at lower flexion
angles. Although the AP translation in PCLR knees at 30°
of approximately 12 mm were weakly correlated with the
ROM, the effect was not significant at 75° or in PCLS
knees. These results were obtained in patients whose TKAs
were generally stable, with consistent AP translations of
approximately 7-8 mm in PCLS and 11-12 mm in PCLR
knees regardless of flexion angle. Therefore, our results
do not indicate that larger AP translation is important to
obtain better ROM. To the contrary, proper knee stability
after TKA is important for good long-term post-operative
knee function with both designs. Several previous studies
support this result [14, 22, 23]. AP translations of 5-10 mm
were reported as optimal for obtaining good functional
outcomes [14, 22], and stable knees with AP transla-
tions <10 mm have a good functional outcome and less
reduction in flexion after TKA compared with those with
>10 mm [23].

There are several limitations to this study. First, the
results cannot be generalized to all patients with knee
arthroplasties because the study participants were patients
with osteoarthritis who had stable knees, with very few
outliers for either ROM or AP translations. Additionally,
the sample size was relatively small, although the numbers
were sufficient as indicated by the post hoc power analy-
sis. Second, the effects of differences in geometry or soft
tissue structures on AP translation through the assessment
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of fixed-bearing designs or single radius designs were not
investigated because the scope of this study was limited
to the analysis of the effects of the retention of the PCL
in mobile-bearing designs. Third, there may be confound-
ing effects of voluntary and involuntary contractions on
the measured AP translations because we did not use elec-
tromyography monitoring to confirm the degree of mus-
cle relaxation. Finally, only AP translation was measured.
Although the arthrometer in this study can be used to sepa-
rately measure the anterior and posterior translations, the
starting position of the femoral component in relation to
the tibial component varied and was not easily identifiable.
In addition, this arthrometer cannot separately measure the
medial and lateral translations. The assessment of ROM
under load-bearing conditions may provide a better under-
standing of the factors influencing clinical performance
during activity. However, this arthrometer is reliable, non-
invasive, and widely used to evaluate AP translation. One
major strength of the present study is that a single expe-
rienced surgeon treated all of the patients using the same
instrumentation.

Conclusions

Differently constrained prosthesis designs resulted in sig-
nificantly different AP translational values within the same
patient; this indicates that achieving good clinical outcomes
including ROM after TKA may not be strongly influenced
by the specifics of each patient’s anatomical character-
istics, but instead by knee constrainment. The findings of
the current study indicate that the knee constrainment may
play a more important role in AP translation than each
patient’s anatomical characteristics and suggests that sur-
geons should recognize the optimal AP translations of the
implants they typically use to optimize clinical outcomes.
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