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Abstract

Purpose To evaluate changes in midflexion rotational lax-
ity before and after posterior-stabilized (PS)-total knee
arthroplasty (TKA).

Methods Twenty-nine knees that underwent PS-TKA
were evaluated. Manual mild passive rotational stress was
applied to the knees, and the internal-external rotational
angle was measured automatically by a navigation system
at 30°, 45°, 60°, and 90° of knee flexion.

Results The post-operative internal rotational laxity was
statistically significantly increased compared to the pre-
operative level at 30°, 45°, 60°, and 90° of flexion. The
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post-operative external rotational laxity was statistically
significantly decreased compared to the preoperative level
at 45° and 60° of flexion. The post-operative internal—exter-
nal rotational laxity was statistically significantly increased
compared to the preoperative level only at 30° of flex-
ion. The preoperative and post-operative rotational laxity
showed a significant correlation at 30°, 45°, 60°, and 90°
of flexion.

Conclusion Internal-external rotational laxity increases at
the initial flexion range due to resection of both the anterior
or posterior cruciate ligaments and retention of the collat-
eral ligaments in PS-TKA. Preoperative and post-operative
rotational laxity indicated a significant correlation at the
midflexion range. This study showed that a large preop-
erative rotational laxity increased the risk of a large post-
operative laxity, especially at the initial flexion range in
PS-TKA.

Level of evidence TI1.

Keywords Total knee arthroplasty - Soft tissue balance -
Midflexion laxity - Rotational laxity - Navigation system -
Posterior-stabilized

Introduction

Accurate alignment and proper soft tissue balance are
crucial for a successful clinical outcome after total knee
arthroplasty (TKA) [13, 14]. Appropriate soft tissue bal-
ance is largely dependent on the surgeon’s intuitive judg-
ment during surgery, and joint instability is recognized as
one of the major causes for early TKA failure [9, 25]. Inap-
propriate soft tissue balance causes overload on the weight-
bearing surface and induces abrasive wear [6, 10]. In addi-
tion, activities of daily living often cause mechanical load
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to the knee joint in full extension and in midflexion. Mid-
flexion stability is considered a key factor for improving
the outcome of TKA.

Intraoperative laxity has been measured using various
methods [7, 18-20, 23]. However, there is a paucity of
research on how to best evaluate midflexion laxity intra-
operatively. A navigation system has been developed to
assist with precise bone cutting and accurate placement of
prosthetic components. Navigation systems are also useful
for monitoring joint positioning and kinematics intraopera-
tively [2, 4]. There are some reports on anterior—posterior,
varus—valgus laxity, and gap balance; however, there are
few reports on the rotational laxity at the midflexion range
[3, 11, 21, 23, 27]. The cruciate ligaments are thought to
serve as stabilizers of the knee during internal and external
rotational stress [1, 15]. However, the influence of cruci-
ate ligament resection due to TKA on post-operative laxity
has not been fully investigated. It is hypothesized that post-
operative midflexion rotational laxity is greater than pre-
operative laxity and that preoperative laxity impacts post-
operative laxity throughout the range of motion (ROM) in
posterior-stabilized (PS)-TKA. The purpose of the present
study was to evaluate midflexion rotational laxity before
and after PS-TKA using a navigation system.

Materials and methods

Twenty-nine patients underwent TKA with the PS prosthe-
sis NexGen LPS-flex (Zimmer, Warsaw, IN, USA) using a
navigation system (Precision Knee Navigation Software,
version 4.0; Stryker, Kalamazoo, MI, USA). To fairly
assess and minimize the influences of clinical variables,
patients with a valgus deformity, preoperative severe flex-
ion (<90°), and extension (>20°) restriction were excluded.
The patient population comprised 16 women and 13 men
with a mean age of 78 & 5.0 years. The study population
was normally distributed. The average hip-knee-ankle
angle was 13.0° & 5.6° in varus preoperatively.

The femoral rotational axis was defined by referring to the
average rotational axis perpendicular to the Whiteside line
and the transepicondylar axis. The tibial rotational axis was
set parallel to the line connecting one-third of the tibial tuber-
cle to the centre of the cut surface. The joint capsule was tem-
porarily closed with four strands of suture after registration.

The investigator gently applied physiologically allow-
able maximal manual internal-external rotation stress to
the knee without angular acceleration, and the mechanical
femoral—tibial rotational angle was measured automatically
by the navigation system at 30°, 45°, 60°, and 90° of knee
flexion. These measurements were performed in the pres-
ence of osteophytes and soft tissues; thus, the anterior cru-
ciate ligament was preserved.
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Next, the distal femur was cut using the navigation-
assisted measured resection technique. An incision was
made into the proximal tibial by using a measured resection
approach, and extramedullary alignment rods were placed.
After removing the osteophytes, trial components were
placed, and the knee was manually manoeuvred throughout
ROM to assess the medial-lateral balance. When the soft
tissue balance was inappropriate, the medial collateral liga-
ment, posterior knee capsule, or other tissue was carefully
released in an incremental manner for proper adjustment.
After confirming that the TKA components and inserts
were firmly placed in an appropriate position, the surgical
incision was completely closed.

Then the same procedure as described for the pre-TKA
measurements was repeated to measure and record the
femoral—tibial rotational angles at 30°, 45°, 60°, and 90°
by using the navigation system. The navigation system
enabled us to assess the internal-external rotational angle
independently of the knee flexion angle and varus—valgus
angle (internal-external rotational laxity was expressed as
the sum of the absolute internal and external stress angles.
Positive values indicate internal orientation, and negative
values indicate external orientation). The accuracy of the
navigation system has been established at 0.5°.

The test—retest reliability of these internal-external rota-
tional stress angle indicated that interclass and intraclass
correlation coefficients (ICCs) were sufficiently high, with
values >0.9 at 30°, 45°, 60°, and 90°, respectively.

This study was approved by the institutional review
board of Ehime University (Identification Number:
1411020), and informed consent was obtained from all
patients.

Statistical analysis

Non-parametric tests were used due to the small sample
size, although an arithmetically sufficient normal distribu-
tion was found. Preoperative and post-operative TKA com-
parisons were performed by using the non-parametric Wil-
coxon’s signed-rank test. Correlations were evaluated by
using Spearman’s correlation coefficients. Analyses were
performed with JMP, version 11.0 (SAS Institute, Tokyo,
Japan). p < 0.05 was considered statistically significant.
Statistical analyses for ICCs were performed by using IBM
SPSS, version 23 (IBM, Corp., Armonk, NY, USA). An
ICC >0.81 was judged as an almost perfect correlation. A
sample size calculation was performed by using Power and
Sample Size Calculations software, version 3.1.2 (Vander-
bilt University, Nashville, TN, USA). After measuring rota-
tional laxity in the first 10 patients, the mean and standard
deviation of the preoperative and post-operative TKA data
were calculated. To achieve a correlation of § = 3, 0 = 5
with 80 % power, and an « = 0.05, we determined that a
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minimum sample size of 24 patients would be required.
To compensate for the small sample size, 29 patients were
assessed.

Results

The average preoperative and post-operative values of
internal rotational laxity were 8.9° £ 7.4°, 10.6° £+ 7.2°,
11.6° £ 6.7°, and 14.1° £ 6.9° and 12.5° £+ 7.8°,
13.3° £ 6.9°, 14.5° £ 6.8°, and 16.9° + 7.3° at 30°, 45°,
60°, and 90° of flexion, respectively (Fig. 1). The post-
operative internal rotational laxity values were significantly
higher than the preoperative values at 30°, 45°, 60°, and
90° of flexion (p < 0.0001, <0.0001, 0.0002, and 0.004 at
30°, 45°, 60°, and 90° of flexion, respectively; Fig. 1).

The average preoperative and post-operative val-
ues of external rotational laxity were —8.9° £ 7.1°
—11.2° £ 59° —11.0° £ 6.1°, and —7.8° £ 54°
and —9.0° + 7.7°, —=9.5° £ 7.7°, —8.8° £ 7.3° and
—6.6° £ 6.2° at 30°, 45°, 60°, and 90° of flexion, respec-
tively (Fig. 2). The values of post-operative external rota-
tional laxity were significantly lower than those at the
preoperative level at 45° and 60° of flexion [p = not signifi-
cant (n.s.), 0.048, 0.004, and n.s. at 30°, 45°, 60°, and 90°
of flexion, respectively; Fig. 2].

As a result, the average values of preoperative
and post-operative internal-external rotational lax-
ity were 17.8° £+ 4.8°, 21.8° £ 4.5°, 22.6° £+ 4.9°, and
21.8° +4.8° and 21.5° £ 7.8°, 22.8° & 7.0°, 23.3° &+ 6.5°,
and 23.4° £+ 7.8° at 30°, 45°, 60°, and 90° of flexion,
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Fig. 1 Comparison of internal rotational laxity at 30°, 45°, 60°, and
90° of flexion angle between preoperative and post-operative total
knee arthroplasty. For both charts: Y-axis label, joint laxity (°); X-axis
label, knee flexion angle (°). Upper whiskers indicate the standard
deviation. *p < 0.05, Wilcoxon’s signed-rank test

respectively (Fig. 3). The values of post-operative inter-
nal-external rotational laxity were significantly higher than
those at the preoperative level at 30° of flexion (p = 0.002,
n.s., n.s., and n.s. at 30°, 45°, 60°, and 90° of flexion,
respectively; Fig. 3).

The changing ratio of post-operative over preopera-
tive rotational internal-external laxity was 1.24 £ 0.46 at
30° of flexion, whereas flexion angles of 45°, 60°, and 90°
had changing ratio values of 1.07 4 0.38, 1.05 £ 0.33, and
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Fig. 2 Comparison of external rotational laxity at 30°, 45°, 60°, and
90° of flexion angle between preoperative and post-operative total
knee arthroplasty. For both charts: Y-axis label, joint laxity (°); X-axis
label, knee flexion angle (°). Upper whiskers indicate the standard
deviation. *p < 0.05, Wilcoxon’s signed-rank test
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Fig. 3 Comparison of internal-external rotational laxity at 30°, 45°,
60°, and 90° of flexion angle between preoperative and post-opera-
tive total knee arthroplasty. The internal-external rotational laxity is
expressed as the sum of the maximum internal and maximum exter-
nal rotational laxity angle measured under rotational stress. For both
charts: Y-axis label, joint laxity (°); X-axis label, knee flexion angle
(°). Upper whiskers indicate the standard deviation. *p < 0.05, Wil-
coxon’s signed-rank test
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Fig. 4 Comparison of the post-operative and preoperative changing
rate of internal-external rotational laxity. Y-axis label, changing rate
of laxity; X-axis label, knee flexion angle (°). Bars show the values
dividing the mean post-operative rotational laxity values by the mean
preoperative laxity values at 30°, 45°, 60°, and 90° of flexion angle.
Upper whiskers indicate the standard deviation. *p < 0.05, Wilcox-
on’s signed-rank test

Table 1 Spearman’s correlations (p) between pre and post-operative
internal-external rotational laxity

Flexion angle P P

30° 0.55 0.002
45° 0.41 0.026
60° 0.47 0.01
90° 0.6 0.001

1.09 £+ 0.36, respectively (Fig. 4). The changing ratio of
internal—external rotational laxity at 30° was significantly
different compared to that at 45°, 60°, and 90° of flexion
(45°: p =0.001, 60°: p = 0.004, 90°: p = 0.038; Fig. 4).
Spearman’s single rank correlation coefficients of preop-
erative and post-operative rotational laxity were correlated
at 30°, 45°, 60°, and 90° of flexion (p = 0.55, p = 0.002;
p =041, p =0.026; p = 047, p = 0.01; and p = 0.6,
p = 0.001 at 30°, 45°, 60°, and 90°, respectively; Table 1).

Discussion
The most important findings of the study were that post-

operative rotational laxity at a flexion angle of 30° showed a
statistically significant increase from the preoperative levels,
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whereas no remarkable change was shown at flexion angles
of 45°, 60°, and 90°. Internal rotational laxity increased and
external rotational laxity decreased post-operatively, result-
ing in no net change compared to the preoperative inter-
nal-external rotational laxity at 45°, 60°, and 90° of flex-
ion. Zaffagnini et al. [29] showed that the implanted tibia
was generally more internally rotated compared with the
native tibia throughout the range of motion. They discussed
this is probably because arthritic knees are often associated
with some varus deformity which joint arthroplasty cor-
rects, thereby altering the position of the tibia relative to the
femur. Our results are in agreement with these findings.

It has been suggested that internal-external rotational
laxity increases at flexion angles of 30° due to resection
of both the anterior and posterior cruciate ligaments in PS-
TKA. The cause of no further changes in internal-exter-
nal rotational laxity seen at flexion angles of 45°, 60°, and
90° was likely due to the fact that all subjects had varus
osteoarthritis and retained their medial collateral liga-
ments, which when accompanied by alignment correction,
affected rotational laxity. It has been reported that collat-
eral ligaments are elongated after TKA [24]. We reported
greater varus—valgus laxity during midflexion, particularly
at the initial flexion range, comparison with PS-TKA than
with CR-TKA [11]. Minoda et al. [22] also reported that
the centre size of the joint gap was loose especially at 30°
of flexion. Many researchers have emphasized the impor-
tance of anatomically correct component alignment and
joint stability for successful TKA surgery [8, 28]. There are
relatively few methods for evaluating joint stability during
TKA surgery, despite it being clinical significance. In most
cases, the surgeon evaluates joint stability by performing a
manual stress test intraoperatively, although such methods
fall short of providing objective assessment measures. In
addition, activities of daily living often cause mechanical
load to the knee joint in full extension and in midflexion
[16, 17]. However, midflexion rotational laxity is seldom
evaluated in clinical practice.

The cruciate ligaments function as stabilizers against
rotational torque [1, 15]. Regardless, few published studies
have reported on intraoperative internal-external rotational
laxity. Hunt et al. [12] reported no statistically significant
difference in laxity between cruciate retaining (CR)-TKA
and PS-TKA in a cadaver study. They also reported that
internal-external rotational laxity decreased compared
to its baseline levels [12]. Differences in our results from
those of Hunt et al. [12] can be attributed to factors such as
the implant design, soft tissue release, and implant instal-
lation angle. Moreover, osteoarthritic knees were evaluated
in our study, whereas Hunt et al. [12] evaluated cadav-
ers with near-normal knees, which potentially had a large
effect on their results. The rotational tolerance due to the
component design can be considered a factor that affects
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rotational laxity. One feature of the TKA design is its use
of either a single radius in which rotation is centred on the
sagittal plane, or a multi-radius in which the rotational cen-
tre is incrementally displaced. Hunt et al. [12] evaluation of
single radius Triathlon knee arthroplasty also led to some
results that differed with ours, because multi-radius LPS-
flex knee arthroplasty was evaluated in our study. Stoddard
et al. [26] hypothesized that displacement in the multi-
radius model produces laxity, which leads to midflexion
instability. Therefore, they studied midflexion instability
with both models. However, this hypothesis was not sup-
ported, as they found no significant differences between the
two models [26]. Nevertheless, stability improvement has
been reported in midflexion laxity of cadavers in which a
femoral component was fitted to match the continuous dis-
placement of the rotational centre [5]. Although these were
cadaveric studies, their results suggest that differences in
midflexion laxity can be due to whether a CR or PS model
is selected, the design of the components used, or tibial—
femoral size matching; thus, these aspects are potential top-
ics for further research.

Removing the anterior—posterior cruciate ligaments in
PS-TKA would lead to greater rotational laxity throughout
ROM. However, contrary to our expectations, changes in
rotational laxity were only seen at the initial flexion range.
In our study, post-operative rotational laxity increased
at a flexion angle of 30°, preoperative and post-operative
rotational laxity showed a significant correlation at 30° of
flexion, which can potentially impact stability due to the
effect of daily activities on component wear in PS-TKA. It
is suggested by our results that some patients are unable to
recover proper rotational stability at the initial flexion range
despite the recovery of proper soft tissue balance in 0° of
knee extension and 90° of knee flexion. Attention to rota-
tional instability would be necessary when a large preop-
erative laxity exists at the initial flexion range in PS-TKA.

This study has some limitations. Surgery was performed
by inflating the tourniquet and non-load-bearing condi-
tions under general anaesthesia. Bone cutting was per-
formed with the measured resection technique. The study
had a small sample size, and only patients with varus-
type arthritis were treated. Finally, the procedure involved
manual passive stress by the operator. These limitations
may restrict the generalization of our results; thus, further
research is also necessary to determine the degree of rota-
tional laxity adequate for TKA procedures. Future studies
should examine the relationship between rotational laxity
and the patient’s clinical course. The findings of this study
may shed light on defining suitable laxity for TKA.

It is hypothesized that preoperative laxity impacts post-
operative laxity. Using the same coordinate system preop-
eratively and post-operatively was essential for examining
these hypotheses. The strengths of the current study were

the use of a navigation system that enabled precise evalu-
ation of rotational position throughout ROM, and using
the same coordinate system preoperatively and post-oper-
atively. Additionally, evaluating the preoperative data with
the cruciate ligaments and meniscus preserved by using
a strong suture at the capsule was clinically meaningful.
This study showed that a large preoperative rotational lax-
ity increased the risk of a large post-operative laxity, espe-
cially at the initial flexion range in PS-TKA. TKA requires
exceedingly fine surgical adjustment of two counter
opposed factors: stability and laxity.

Conclusion

Post-operative rotational laxity is greater than preoperative
laxity at the initial flexion range in PS-TKA. Preoperative
and post-operative rotational laxity indicated a significant
correlation at the midflexion range.
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