Knee Surg Sports Traumatol Arthrosc (2015) 23:1693-1698
DOI 10.1007/s00167-014-3122-2

CrossMark

@

KNEE

Does knee stability in the coronal plane in extension affect
function and outcome after total knee arthroplasty?

Hiroyuki Nakahara - Ken Okazaki - Satoshi Hamai -
Shigetoshi Okamoto + Umito Kuwashima -
Hidehiko Higaki + Yukihide Iwamoto

Received: 5 February 2014/ Accepted: 3 June 2014 /Published online: 13 June 2014

© Springer-Verlag Berlin Heidelberg 2014

Abstract

Purpose The aim of the present study was to clarify
whether varus—valgus laxities under static stress in exten-
sion, femoral condylar lift-off during walking, and patient-
reported outcomes after total knee arthroplasty (TKA) were
correlated with each other.

Methods Ninety-four knees, which had undergone pos-
terior-stabilized TKA, were analysed. The varus—valgus
laxity during knee extension was measured using a stress
radiograph. New Knee Society Score (KSS) questionnaires
were mailed to all patients. Correlations between the values
of stress radiographs and KSS were analysed. Additionally,
continuous radiological images were taken of 15 patients
while each walked on a treadmill to determine condylar
lift-off from the tibial tray using a 3D-to-2D image-to-
model registration technique. Correlations between the
amount of lift-off and either the stress radiograph or the
KSS were also analyzed.

Results The mean angle measured was 5.9 + 2.7° with
varus stress and 5.0 £ 1.6° with valgus stress. The differ-
ence between them was 0.9 £ 2.8°. Varus—valgus laxities,
or the differences between them, did not show any statis-
tically significant correlation with either component of the
KSS (p > 0.05). The average amount of femoral condylar
lift-off during walking was 1.4 £ 0.8 mm (medial side)
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and 1.3 & 0.6 mm (lateral side). The amount of lift-off did
not correlate with either varus—valgus laxities or the KSS
(p > 0.05).

Conclusions No correlations were found among varus—
valgus laxities under static stress in extension, femoral
condylar lift-off during walking, or patient-reported out-
comes after well-aligned TKA. This study suggests that
small variations in coronal laxities do not influence lift-off
during walking and the patient-reported outcomes.

Level of evidence 1V.

Keywords Total knee arthroplasty - Coronal laxity -
Lift-off - Walking - Patient-reported outcome

Introduction

Total knee arthroplasty (TKA) is an effective surgical
procedure for relieving pain and restoring function in
patients with advanced knee osteoarthritis. However, a
recent report investigating patient-reported outcomes after
TKA indicated that patient satisfaction levels for TKA
were lower than for total hip arthroplasty. Poor subjective
outcomes may be attributed to preoperative patient char-
acteristics such as age, body mass index, complications,
and severity of arthritis [3, 17, 21]. Other possible reasons
are imbalance of the replaced knee, malalignment of
implants, and postoperative kinematics such as abnormal
rotational pattern and femoral condylar lift-off [13, 14, 16,
24]. In particular, postoperative gap balancing affects the
range of motion (ROM), function, and polyethylene wear
[2, 25, 26]; thus, ligament balance could be associated with
the subjective outcomes of patients. However, there are
few reports about the relationship between coronal stability
of replaced knees and patient-reported outcomes.
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Femoral condylar lift-off occurs under weight-bearing
conditions [4, 7, 8, 10, 18, 23]. Stiehl et al. [23] reported
that 90 % of subjects had significant lift-off during the
stance phase of walking. Jennings et al. [11] described lift-
off as a cause of excessive stress on polyethylene inserts.
However, the authors of the current study could not find a
report describing whether abnormal movement, such as
femoral condylar lift-off after TKA, affects patient-repor-
ted outcomes. Furthermore, although lift-off may be related
to postoperative coronal stability, Hamai et al. [7] reported
no relationship between the coronal stability and lift-off
during activities following cruciate-retaining TKA. The
relationship between coronal stability and lift-off should be
replicated following posterior-stabilized (PS) TKA. How-
ever, the relationship between these three factors, namely
coronal stability, condylar lift-off, and patient-reported
outcomes, appears not to have been reported.

Based on existing reports, we therefore asked the fol-
lowing questions: (1) Does postoperative varus—valgus
laxity under static stress affect patient-reported outcomes?
and (2) Does condylar lift-off relate to the postoperative
varus—valgus laxity and affect patient-reported outcomes?
We hypothesized that coronal laxity correlates with both
patient-reported outcomes and condylar lift-off during
walking, and that lift-off affects patient-reported outcomes.

Materials and methods

Ninety-four knees in 68 patients, who underwent TKA and
agreed to participate in the current study, were evaluated.
Patients who visited our hospital from April 2011 to
October 2012 for the purpose of scheduled postoperative
follow-up and agreed with this study were enrolled to this
study. They were originally underwent TKA by three
experienced surgeons at a single centre from June 2000 to
January 2012. The total number of primary TKA during the
period was 874. Preoperative diagnoses included osteoar-
thritis in 60 patients and rheumatoid arthritis in eight
patients. Patients with a history of prior arthroplasty,
osteotomy, a severe extra-articular deformity with a more
than 20° varus/valgus angle between the thigh and lower
leg, or fractures around the knee were excluded. The
average preoperative hip-knee-ankle (HKA) angle in a full-
standing radiograph was 192.1 + 6.1° (range 181-209°).
All the patients received a PS fixed-bearing TKA (Nexgen
LPS or LPS-Flex, Zimmer, Warsaw, IN). The number of
LPS and LPS-Flex was 44 and 50, respectively. The KSS
questionnaires were mailed to the patients. The follow-up
period represented the time until the KSS questionnaires
were completed. The mean (+£standard deviation) follow-
up period for the assessment of the new KSS was
4.6 &+ 2.7 years (range 1.1-11.0 years). The postoperative
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ROM values were obtained when the stress radiograph was
taken. The mean knee extension angle was —3.3 + 5.6°
(range —10-0°), and the flexion angle was 120 £ 8.6°
(range 75-125°).

Surgical technique

The medial parapatellar approach was applied using a
tourniquet. Using the measured-resection technique, the
femoral and tibial components were aligned perpendicular
to the mechanical axis in the coronal plane. The femoral
component was positioned along the surgical epicondylar
axis (SEA) in the axial plane. The rotational alignment of
the tibial component was adjusted to the medial one-third
of the tibial tuberosity. A computer navigation system
was used for the bone preparation in 24 knees, and the
conventional alignment rod was used in 70 knees. Liga-
ment balancing was performed in 0° extension and 90°
flexion by additional releases until the surgeon determined
the balance was acceptable based on measurements per-
formed using the spacer block and/or a tensor device to
determine the angle and gap length between the cut sur-
faces. The first step included removal of any residual
osteophytes at the posterior part of the medial femoral
condyle and at the medial-to-posterior part of the tibia.
This was coupled with the release of the deep medial
collateral ligament (MCL). The second step included the
release of the posteromedial capsule and the release of the
superficial MCL. Additional releases were performed on
the deep layer of the MCL in 22 knees, the deep and
superficial layer of the MCL in 25 knees, the semi-
membranosus in 20 knees, and the posterior capsule in 66
knees. The patella was resurfaced in all cases.

Evaluation of the varus—valgus laxity

Anteroposterior radiographs were taken of the knee with
varus and valgus stress in extension [7, 9, 10, 15, 20]. The
laxity assessment was performed 4.1 + 2.8 years after
TKA. The time between the laxity assessment and KSS
assessment was less than 3 months in all cases. The sub-
jects were in a supine position on the table with their knee
flexed at 10° to place the tibial plateau perpendicular to the
film cassette. A varus and valgus stress of 150 N of was
applied to the knee with a Telos device (Telos, Weiterstadt,
Germany). The angle made by the tangential lines on the
femoral condyles and tibial plateau was measured on film
to assess the varus and valgus laxities. The intraclass cor-
relation coefficient and the standard error (SE) for the three
measurements conducted by the same examiner were 0.97
and 0.38, respectively, whereas the interclass correlation
coefficient and SE for the same measurements made by
three examiners were 0.91 and 0.34, respectively.
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Evaluation of patient-reported outcomes

The new KSS questionnaire [16, 19, 22] was mailed to all
patients. No patients were recalled specifically for this
study; all data were obtained from medical records and the
questionnaires. The scores of each component of the KSS
were used to evaluate patient-reported outcomes including
the following: “symptoms”, “patient satisfaction”,
“patient expectations”, “walking and standing”, “standard
activities”, and “advanced activities”. A total of 26
patients who underwent bilateral TKA were asked to pro-
vide separate KSS responses for each knee; however, 17
patients provided the same responses for both knees. Based
on this finding, these patients were analyzed separately and
defined as the “bilateral group”. The patient group that
provided separate responses to for each knee was defined
as the “unilateral group”. Patients who underwent a uni-
lateral TKA were also included in the “unilateral group”.
There were 60 knees belonging to 51 patients in the uni-
lateral group and 34 knees belonging to 17 patients in the
bilateral group. The study included 10 men and 58 women
with a mean age of 72.5 years (range 50-86 years).

Kinematic analysis

A total of 19 knees, from 15 out of 74 subjects (20 %)
who were randomly selected, were assessed after a mean
2.3 £ 1.5 years (range 0.5-5.5 years) following surgery
to evaluate the relationship between coronal laxity and
patient-reported outcomes or knee kinematics. Of the 15
patients, 14 women and one man were analyzed. Five
patients underwent bilateral TKA. Continuous dynamic
sagittal radiological images of subjects walking on a
level treadmill at 1.0 km/h were obtained for each patient
using a flat-panel detector (Toshiba, Ultimax-I, Tochigi,
Japan). This produced 10 frames per second using a
digital X-ray system (1,024 x 1,024 x 12 bit/pixel, 7.5-
Hz serial spot images as a DICOM file). Images of sev-
eral steps were captured during the walking activity.
Using a previously reported 3D-to-2D image-to-model
registration technique, femoral condylar lift-off was
evaluated [6, 7]. Accuracy of the relative motion between
metal components was estimated to be 0.2° in rotation
and 0.2 mm in translation. The minimum distances
between the femoral condyles and the articular surfaces
of the polyethylene insert were measured separately in
the medial and lateral compartment, and the maximum
difference in distance between the medial and lateral
compartment for each subject was thus considered to
demonstrate the amount of lift-off. Measurement error in
the relative distance was 0.2 & 0.1 mm, for which the
95 % confidence interval was 0.4 mm. Informed consent

was provided by the subjects, and the Institutional
Review Board of Kyushu University Hospital approved
this study (ID: 24-166).

Statistical analysis

The relationship between postoperative varus and valgus
laxities or differences in the laxities and the new KSS
results or postoperative HKA angles were analyzed by
dividing into a unilateral group and a bilateral group.
Correlations between femoral condylar lift-off and the two
laxities or differences in the laxities and the new KSS were
estimated. Statistical analyses were performed using the
Pearson correlation coefficient with JMP version 9.0 (SAS
Institute Inc, Cary, NC, USA). Significance was set at a
p value of <0.05.

Results

The subjects had an average angle of 5.9 & 2.7° (range
1.0-12.7°) in varus stress and 5.0 £ 1.6° (range 1.5-9.0°)
in valgus stress. The average difference in the laxities was
0.9 + 2.8° (range —5.0-8.2°) (Table 1). The average
postoperative HKA angle in a full-standing radiograph was
180.9 £ 3.7° (range 170-191°). Table 2 shows the mean
and the range of each component of the new KSS and
shows the p value and the correlation coefficient of the
correlation between varus laxity, valgus laxity and the
difference and the new KSS. Neither varus—valgus laxities
nor the differences between varus and valgus laxities
showed any statistically significant correlation with either
component of the new KSS or postoperative HKA angles.
The coronal laxities also did not correlate with the new
KSS results or HKA angles when the patients were sepa-
rately analyzed based on unilateral group or bilateral group
(Table 2).

The average amount of femoral condylar lift-off was
1.4 £ 0.8 mm (0.1-3.0 mm) on the medial side and
1.3 £ 0.6 mm (0.4-2.4 mm) on the lateral side. Table 3
shows p values for the correlations between varus knees or
valgus knees and lift-off. Neither varus—valgus laxities nor
the differences between varus and valgus laxities showed

Table 1 Magnitudes of varus and valgus laxity in knee extension

Mean £ SD (°) Range (°)
Varus angle 59 +£27 1.0 to 12.7
Valgus angle 50+ 1.6 1.5t0 9.0
Difference between varus 09 + 238 —5.0to 8.2

and valgus laxities
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any statistically significant correlation with lift-off. There
was no statistically significant correlation between lift-off
and either the total score or category component scores of
the new KSS. There were no differences in coronal laxities
and lift-off between LPS and LPS-Flex prostheses.

Discussion

0.04 (—0.05, 0.29)

p = 0.46 (0.34, 0.95) (n.s.)
—0.08 (—0.13, 0.01)

p = 0.55 (0.86, 0.43) (n.s.)
~0.06 (0.02, —0.15)

p = 0.90 (0.45, 0.90) (n.s.)
~0.01 (=0.11, 0.02)

p = 0.69 (0.22, 0.28) (n.s.)
—0.04 (=0.17, 0.19)

p = 0.90 (0.48, 0.37) (n.s.)
0.01 (=0.10, 0.16)

p = 0.06 (0.61, 0.10) (n.s.)
~0.20 (—0.07, —031)

The most important finding of the present study was that
there was no relationship between knee laxity or imbalance
in extension and the new KSS questionnaire scores used to
evaluate patient-reported outcomes after PS TKA per-
formed by the measured-resection technique. Furthermore,
there was no relationship between static postoperative
laxity, condylar lift-off during walking, or the new KSS.

There are some limitations associated with the present
study. First, coronal stability was evaluated only in knee
extension. It is deemed necessary to analyze coronal sta-
bility in mid-flexion because knee flexion angle during
walking can approach approximately 50° [1]. Second, the
study was limited by the small number of subjects with
regard to kinematic analysis, and a power analysis was not
performed for this study; hence, the results may not apply
more generally in larger populations. Knees with a loss of
stability could potentially demonstrate significant condylar
lift-off. A wider variation in postoperative laxity and
alignment might be needed to provide more robust results.
Third, the time until kinematic analysis for one of the 19
knees assessed was short (0.5 years). Over a longer period
of time, lift-off may cause polyethylene wear and affect
patient-reported outcomes. However, even after excluding
the knee followed-up after only 0.5 years, the lift-off of
other knees followed-up after more than 1 year did not
show a significant correlation with patient-reported out-
comes in this study. Finally, the amount of lift-off includes
a certain amount of potential measurement error. Using a
possible <0.4 mm threshold before more confidently
defining loss of contact on the unilateral compartment of
the knee could include both false-negative and false-posi-
tive errors.

In the current study, laxity in varus stress was 5.9° and
laxity in valgus stress was 5.0°. Draganich et al. [5]
reported that in a 3D testing system, PS mobile-bearing
prostheses had 4° and 3° of laxity in varus and valgus
orientations, respectively. Ishii et al. [9] reported that the
average values for knee abduction and adduction with PS
prostheses were 4.6° and 4.0°, respectively. Although the
mean laxities in the present study slightly exceeded results
in the other studies, varus—valgus laxities, or the differ-
ences between varus and valgus laxities, did not affect
patient-reported outcomes. Therefore, the additional
remaining laxity or imbalance within this range may be

and valgus laxity (unilateral, bilateral)

Difference between varus laxity

r =
r =
r =

r
r
r

p = 0.69 (0.73, 0.10) (n.s.)
r

—0.23 (0.17, —0.21)
p = 0.14 (0.16, 0.71) (n.s.)

r = 0.15 (0.19, 0.07)
r = 0.13 (=0.07, 0.16)

p =025 (0.22, 0.25) (n.s.)
p = 0.25 (0.32, 0.81) (n.s.)
r=0.12 (0.14, —0.05)
p = 0.72 (0.4, 0.62) (n.s.)
r = 0.04 (0.11, —0.09)
p = 0.69 (0.58, 0.07) (n.s.)
r = 0.04 (0.08, —0.32)
p = 0.46 (0.08, 0.19) (n.s.)
r = 0.08 (0.24, —0.23)
p = 0.25 (0.61, 0.42) (n.s.)

Valgus laxity
(unilateral, bilateral)

r

0.26 (0.77, 0.30) (n.s.)
r = 0.12 (0.04, 0.19)
0.93 (0.49, 0.29) (n.s.)
r = 0.01 (0.10, —0.20)
0.93 (0.73, 0.84) (n.s.)
r = 0.01 (=0.05, —0.04)
0.87 (0.37, 0.98) (n.s.)
~0.02 (=0.13, —0.01)
0.56 (0.86, 0.91) (n.s.)
r = 0.06 (0.03, 0.02)
0.21 (0.44, 0.26) (n.s.)
—0.14 (—=0.11, —0.22)

p = 0.90 (0.84, 0.74) (n.s.)
r = 0.01 (=0.03, 0.06)

(unilateral, bilateral)

Varus laxity
r =

14
P
P
P
r
P
p

Range
3to025

10 to 40
6to 15
—2to 30

6 to 30

0 to 25

170 to 191°

Mean £+ SD
20.1 + 54
23.8 + 8.2
10.1 £ 24
19.5 + 84
21.6 + 6.1
10.2 + 6.8

180.9 £ 3.7°

Table 2 Results of the new Knee Society Score (KSS) and p value (p) and correlation coefficient (r) of the correlation between laxities and KSS

Walking and standing
Postoperative HKA angle

Patient satisfaction
HKA hip-knee-ankle

Patient expectations
Standard activities
Advanced activities

Symptoms
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Table 3 P value (p) and correlation coefficient (r) of the correlation
between laxities and femoral condylar lift-off

Varus Valgus Difference
laxity laxity between
varus and
valgus
laxities
Medial p = 048 (n.s.) p = 0.78 (n.s.) p = 0.44 (ns.)
lift-off ) — 021 r=0.08 r=-023
Lateral p =0.73 (ns.) p = 0.36 (ns.) p = 0.95 (ns.)
lift-off . — _0.09 r=-023 r=0.02
acceptable from the viewpoint of patient-reported
outcomes.

Femoral condylar lift-off did not correlate with the
varus—valgus laxities, the differences between varus and
valgus laxities, or patient-reported outcomes. The results of
the present study do not support our hypothesis. Hamai
et al. [7] reported that subjects had an average angle of 6.8°
in varus stress, a 6.6° angle in valgus stress, and condylar
lift-off values were less than 1.0 mm with cruciate-retain-
ing (CR) prostheses. Their results also showed that that
knee laxity did not correlate with femoral condylar lift-off.
Dennis et al. [4] reported that condylar lift-off during
walking in patients who underwent surgery performed via
the measured-resection technique was significantly greater
than for those on whom the gap-balancing technique was
performed. Lift-off occurred in patients in the current study
who underwent surgery with the measured-resection tech-
nique; however, lift-off did not correlate with varus—valgus
laxities. Other possible causes of condylar lift-off include
the abduction—-adduction moment in flexion [12] and the
rotational alignment of the femoral component [8]. The
mean and maximum amount of condylar lift-off during a
single-leg stance in the current study was smaller than that
in previous studies [8, 23]. Results of this study suggest
that the small amount of lift-off does not affect patient-
reported outcomes. Moreover, the lack of correlation
between the coronal stability or lift-off and patient-reported
outcomes might be attributable to the neutral coronal
alignment of the femoral and tibial components relative to
the mechanical axis [16].

Conclusion

The current study was designed to determine whether there
were any correlations among coronal laxities under static
stress in extension, femoral condylar lift-off during walk-
ing, and patient-reported outcomes after PS TKA. The
results of this study showed that small variations in coronal
laxities in extension did not influence patient-reported

outcomes or condylar lift-off during a single-leg stance,
and the lift-off did not influence patient-reported outcomes.
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