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Abstract
Purpose  Both coronal and sagittal laxity of well-functioning knees after total knee arthroplasty (TKA) was examined, and 
the correlations between the joint laxity and the clinical outcomes were analyzed to clarify the adequate joint laxity for the 
prosthesis, and the relationship between the laxity and the outcomes.
Methods  Forty well-functioning TKA knees with a high-flexion posterior-stabilized (PS) prosthesis were studied. All patients 
were diagnosed as having osteoarthritis with varus deformity and were followed up for 2 years or more. The coronal and 
sagittal laxity was assessed at extension and flexion, and the correlations between the joint laxity and the clinical outcomes 
were evaluated.
Results  The varus and valgus laxity averaged 5.6 ± 1.8° and 3.6 ± 1.2° at 10° knee flexion, and 7.4 ± 5.1° and 3.6 ± 2.7° 
at 80° knee flexion, respectively, and the AP laxity at 30° and 75° knee flexion averaged 8.7 ± 3.6 mm and 6.6 ± 2.3 mm, 
respectively. Knee flexion angle correlated with the joint laxity, while the other outcomes including patient-reported pain 
and instability were adversely affected by the greater laxity.
Conclusions  This study exhibited the importance of consistent medial laxity both at extension and flexion, which averaged 
3.6°. Care should be taken to maintain the medial stability and to obtain adequate laxity both at extension and flexion during 
surgery. A few degrees of medial tightness can be allowed to achieve excellent clinical results after TKA for preoperative 
varus knees.
Level of evidence  Therapeutic study, Level III.
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Introduction

As native knees have physiological laxity [14], knees with 
total knee arthroplasty (TKA) need to have joint laxity to 
achieve proper function and to provide comfort [8]. To 
obtain deep flexion after surgery, a slightly greater gap at 
knee flexion compared with extension is essential [20]. 
While to obtain full extension, a tight joint gap in exten-
sion should be avoided during surgery [13, 20]. On the other 
hand, midflexion instability is one of the problems in TKA 
[4, 16], and too much laxity causes inferior functional out-
come and instability [16, 17], which would lead to failure of 
the TKA [2, 15, 16]. Obtaining the optimum joint laxity in 
TKA could further improve the satisfaction of TKA, which 
is relatively low compared with that of total hip arthroplasty 
[1].

The relation between joint laxity and clinical outcomes 
after TKA has been studied; however, desirable laxity 
for TKA knees is still unclear. In the coronal plane, each 
varus and valgus laxity of about 5° with a total laxity of 
less than 10° in both extension and flexion was reported to 
be adequate to allow good long-term results of TKA [24]. 
The medial joint stability and the lateral joint laxity were 
reported to be important to obtain better clinical outcome 
[7, 18]. However, the correlations between coronal joint 
laxity and patient-reported outcomes have not always been 
detected [12]. In the sagittal plane, moderate anteroposterior 
(AP) laxity between 5 and 10 mm at 75° was shown to be 
desirable in terms of knee flexion and Knee Society Score 
(KSS) [6]. Another study reported that the AP laxity at 60° 
correlated with patient-reported pain [10]. However, similar 
to coronal laxity, the correlations between sagittal laxity and 
patient-reported outcomes have not always been detected 
[5]. Furthermore, both coronal and sagittal laxity have rarely 
been studied at the same time [3, 23]. The ideal laxity after 
TKA has still not been elucidated, and the influence of joint 
laxity on clinical outcomes should be explored more.

Therefore, the purpose of this study was (1) to examine 
both the coronal and sagittal laxity of the TKA knees with 
good function, and (2) to analyze the correlation between 
the joint laxity and clinical outcomes including patient-
reported outcomes in order to clarify the joint laxity of the 
well-functioning knees, and the relationship between the lax-
ity and the outcomes. It was assumed that the TKA knees 
with good function including those with wide range of knee 
motion would show adequate coronal and sagittal laxity in 
extension and flexion, while increasing joint laxity would 
reversely affect some of the clinical outcomes because of 
the instability.

Materials and methods

A total of 40 well-functioning knees in 20 patients who 
underwent bilateral TKA using a high-flexion posterior-
stabilized (PS) prosthesis (ACTIYAS, Kyocera, Kyoto, 
Japan) were studied. Patients with bilateral TKA were 
selected to obtain similar conditions. In patients with 
unilateral TKA, the contralateral knee condition var-
ies from mild to severe deformity with or without TKA, 
which would affect the clinical outcomes. The prosthesis 
used in this study allows consistent femoral rollback and 
tibial rotation (Fig. 1) [19]. All patients were diagnosed 
as having osteoarthritis and were followed up for 2 years 
or more. Eighty-six primary bilateral TKAs were per-
formed with this prosthesis from January 2011 to June 
2013. Of these 86 patients, postoperative well-functioning 
knees with extension deficit of 2° or less, flexion of 130° 
or more, and a Knee Society Function Score (FS) of 75 or 
more were selected as candidates for this study. Patients 
with a history of high tibial osteotomy, preoperative val-
gus deformity, hip diseases, and patients who lived far 
away from our institution (Tokyo Medical and Dental 
University Hospital) and took about 3 h or more to arrive 
were excluded. Adapting the above-mentioned conditions 
resulted in 35 patients remaining. All 35 patients were 
asked to participate in this study, and 20 of the 35 patients 
accepted our offer. The patients’ age averaged 74 ± 7 years 
at surgery with 17 females and 3 males (ratio of female, 
85%). The patient height and body mass index averaged 
152 ± 7 cm and 25 ± 4 kg/m2, and the follow-up period 
after arthroplasty averaged 3.2 ± 0.9 years.

Fig. 1   The high-flexion posterior-stabilized prosthesis used in this 
study. The femoral component (a, b) and the slightly concave sym-
metrical tibial insert (c, d) are shown



1402	 Knee Surgery, Sports Traumatology, Arthroscopy (2020) 28:1400–1409

1 3

Surgical procedures and postoperative 
management

The same surgical procedures were performed by or under 
the direction of three surgeons (TM, IS, and TW) on the 
knee team, and the same postoperative management was 
applied for all patients. A midvastus approach and anatomi-
cal bone cuts were applied. The distal femur was cut per-
pendicular to its mechanical axis in the coronal plane and 
perpendicular to its distal femoral axis in the sagittal plane 
with intramedullary instruments, removing the same amount 
of thickness as the femoral component. The proximal tibia 
was cut perpendicular to its mechanical axis in the coronal 
plane and with a 5°–7° posterior tibial slope in the sagittal 
plane using extramedullary instruments. The posterior femo-
ral condyles were cut parallel to the femoral epicondylar axis 
and perpendicular to the Whiteside line with 3°–5° exter-
nal rotation from the posterior condylar line. The medial 
and posterior soft tissues were released to achieve adequate 
balance while allowing slight tightness in the medial side. 
The components were fixed with cement, and no drainage 
tube was used [21]. Full weight bearing, quadriceps muscle 

setting, and range of motion exercises were started the day 
after surgery, and gait exercises were encouraged 3–4 days 
after surgery.

Evaluation of the coronal and sagittal laxity

The coronal laxity was assessed at extension and flexion on 
the stress radiographs at follow-up (Fig. 2). The varus and 
valgus laxity at extension was measured using a Telos device 
(Fa Telos, Medizinisch-Technische GmbH, Griesheim, Ger-
many) while the patient laid on a bed (Fig. 2a–d) [9, 12, 
14, 24]. The varus and valgus laxity at knee flexion was 
measured using a hand-held dynamometer (μTas F-1, Anima 
Corp., Tokyo, Japan), while the patient was seated on a table 
made of styrofoam (Fig. 2e–h) [14, 24]. A single examiner 
(TW) measured the coronal laxity for all knees. To evaluate 
the intra- and inter-observer reproducibility, the measure-
ments were taken three times by the examiner and once by 
two other examiners (orthopedic surgeons) on the ten ran-
domly selected knees. The intraclass correlation coefficients 
for intra- and inter-observer reproducibility were 0.98 and 
0.97, respectively.

Fig. 2   Coronal laxity measurements at extension and flexion on the 
stress radiographs. The varus (a, d) and valgus (b, c) laxity at 10° 
knee flexion was measured using a Telos device with an applying 
force of 150 N. The right (a, b) and left knees (c, d) are shown. The 

varus (f, g) and valgus (e, h) laxity at 80 °knee flexion was measured 
using a hand-held dynamometer with an applying force of 100 N. The 
right (e, f) and left knees (g, h) are shown
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The sagittal laxity at 30° and 75° knee flexion was evalu-
ated using a KT-1000 arthrometer (MEDmetric, San Diego, 
CA, USA) at the follow-up. To assess the AP laxity, 133 N 
was applied for anterior translation while 89 N was applied 
for posterior translation [5, 11] both at 30° and 75° knee 
flexion [5, 11]. A single examiner (TW) measured the AP 
laxity 3 times for all knees, and the averaged anterior and 
posterior translations were added to obtain AP laxity at each 
knee flexion.

Evaluation of clinical outcomes 
including patient‑reported outcomes

Clinical outcomes including patient-reported outcomes 
were evaluated at the follow-up. The knee extension and 
flexion angle measured by goniometer, KSS and FS, and 
femorotibial angle (FTA) on the standing knee radiographs 
were assessed. As patient-reported outcomes, “patient over-
all assessment”, which ranged from 0 to the perfect score of 
100, were obtained. “Pain during gait on flat surface”, “pain 
at rest”, “pain at first gait in the morning”, “pain during stair 
gait”, and “instability during stair gait” were also evaluated 
using numerical rating scale (NRS), which ranged from 0 to 
the perfect score of 10. Moreover, the 2011 Knee Society 
Questionnaire (2011 KSQ) was applied.

This study was approved by the institutional review board 
of the Tokyo Medical and Dental University under approval 
number M2000-1252.

Statistical analysis

Correlations between joint laxity and clinical outcomes 
including patient-reported outcomes were estimated using 
the Spearman correlation coefficient. To compare the joint 
laxity, the Wilcoxon signed rank test was applied. Statistical 
software, SPSS version 21 (IBM, Armonk, NY) was used 
for analyses, and a probability value of less than 0.05 was 
considered to be significant.

The power analysis indicated 40 knees had 77% power 
(1 − β) for the correlation between clinical outcomes and 
joint laxity using an effect size of 0.4.

Results

Coronal and sagittal laxity, and clinical outcomes

The varus and valgus laxity at 10° knee flexion averaged 
5.6 ± 1.8° and 3.6 ± 1.2°, respectively, and the varus and 
valgus laxity at 80° knee flexion averaged 7.4 ± 5.1° and 
3.6 ± 2.7°, respectively (Fig. 3a, b). The varus + valgus lax-
ity averaged 9.2 ± 2.4° at 10° knee flexion and 11.0 ± 5.9° 
at 80° knee flexion, while the varus − valgus laxity aver-
aged 1.9 ± 1.9° at 10° knee flexion and 3.8 ± 5.7° at 80° knee 
flexion. The AP laxity at 30° and 75° knee flexion averaged 
8.7 ± 3.6 mm, 6.6 ± 2.3 mm, respectively (Fig. 3c, d). Clini-
cal outcomes including patient-reported outcomes at the 
follow-up are shown in the second column of Table 1.

Correlations between the joint laxity and clinical 
outcomes

The knee flexion angle and the patient-reported pain and 
instability correlated with the joint laxity, while some 
other outcomes negatively correlated with the joint laxity 
(Table 1). Detected positive correlations included those 
between the flexion and the varus + valgus laxity at 10° 
knee flexion (Fig. 4a) or the AP laxity at 30° knee flexion 
(Fig. 4b), and between the “pain during gait on flat surface” 
(Fig. 4f) or “instability during stair gait” (Fig. 4g) and varus 
laxity at 80° knee flexion. Detected negative correlations 
included those between the KSS and the varus laxity at 80° 
knee flexion (Fig. 4c), between the “patient overall assess-
ment” and valgus laxity at 10° knee flexion (Fig. 4d) or 
varus + valgus laxity at 10° knee flexion (Fig. 4e), between 
the “patient satisfaction” and varus − valgus laxity at 80° 

Fig. 3   Results of coronal and 
sagittal laxity. Coronal laxity at 
10° knee flexion (a) and at 80° 
knee flexion (b), and sagit-
tal laxity at 30° knee flexion 
(c) and at 75° knee flexion 
(d) are illustrated. *p < 0.05, 
**p < 0.001
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knee flexion (Fig. 4h), and between the “patient expectation” 
and varus laxity at 80° knee flexion (Fig. 4i).

Discussion

The most important findings of this study were that the val-
gus laxity which averaged 3.6° was consistent at extension 
and flexion in these high-flexion PS-TKA knees with good 
function, and to obtain greater flexion and better patient-
reported outcomes, adequate coronal and sagittal laxity 
was needed. As it was hypothesized, increasing joint laxity 
reversely affected some of the clinical outcomes because of 
the instability.

Several limitations of this study should be acknowledged. 
The first limitation is the selection bias. Only the selected 
knees with postoperative good range of motion were ana-
lyzed, which would have greater laxity compared to the 
knees with less range of motion. The knees with less range 
of motion would show less laxity. Moreover, if the knees 
with some extension deficit had been analyzed, correla-
tions between the joint laxity and the extension angle might 
have been detected. However, to clarify the optimum joint 
laxity of the TKA knees with this type of prosthesis, well-
functioning knees should be studied. Second, our results are 
implant-design dependent. The knees with high-flexion PS 
prosthesis with a relatively flat symmetrical tibial insert were 
analyzed in this study, and the results may not be generalized 
to the other designs including cruciate-retaining or cruci-
ate-sacrificing prostheses [22]. Third, similar to the second 
limitation, the results in this study are surgical-technique 
dependent. Independent bone cuts based on the anatomical 
landmark, and medial soft tissue release to achieve adequate 
balance while allowing slight tightness in the medial side 
were applied. Different surgical procedures such as depend-
ent bone cutting using a gap technique or more aggressive 
medial soft tissue release pursuing a perfect rectangular gap 
would lead to different results. Finally, the number of the 
cohort is small. A larger cohort may reveal more correlations 
between the clinical outcomes and joint laxity.

The coronal laxity in this study on high-flexion PS-TKA 
knees with good function suggested the ideal laxity of 5.6° 
in varus and 3.6° in valgus at 10° knee flexion, and 7.4° in 
varus and 3.6° in valgus at 80° knee flexion. The results 
in the current study are comparable to those reported by 
previous studies using different prostheses (Table 2). The 
coronal laxity in the current study demonstrated significantly 
greater varus laxity compared with the valgus laxity both 
at 10° and 80° knee flexion. The greater varus laxity was 
also reported in the normal knee [14]. Yoshihara et al. [24] 
noted the ideal coronal laxity of 5° in each direction with 
a total laxity of less than 10° in both extension and flexion 
for good long-term results of TKA. The laxity in this study *p
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 0.

05
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was slightly greater than that in their study, and one of the 
possible explanations for this is the better knee flexion angle 
of the cohort in this study (average 137° vs 114°).

The results in this study suggested that the coronal laxity 
to some extent is important to obtain better flexion, although 
some other factors were adversely affected by the greater 
laxity. The valgus laxity at 10° knee flexion did not cor-
relate with the flexion angle, but it did correlate with “pain 
at rest”, and it negatively correlated with “patient overall 
satisfaction”. Moreover, when the scatter graphs of flexion 
and varus + valgus laxity at 10° knee flexion are closely 
examined, three knees showed less flexion in spite of their 
great laxity (Fig. 4a), which suggests too much coronal lax-
ity would adversely affect flexion angle. At 80° knee flexion, 

greater varus laxity also was related to the inferior clinical 
outcomes. These findings suggested that the greater coronal 
laxity, especially valgus laxity at 10° knee flexion and varus 
laxity at 80° knee flexion should be avoided.

The sagittal laxity in this study on high-flexion PS-TKA 
knees with good function suggested the ideal laxity of 8.7 
and 6.6 mm at 30° and 75° knee flexion, respectively. The 
results in the current study are comparable to those reported 
by previous studies using different prostheses (Table 3). 
Nabeyama et al. [11] reported that the AP stability increased 
following PS TKA and was significantly greater than that 
of normal subjects by an average of 3 years after surgery. 
This study had a similar follow-up period of 3.2 years. Jones 
et al. [6] noted that the knees with AP laxity between 5 and 
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Fig. 4   Scatter graphs illustrating correlations. Correlations between 
flexion and the varus + valgus laxity at 10° knee flexion (a) or anter-
oposterior laxity at 30° knee flexion (b), the Knee Society Score and 
the varus laxity at 80° knee flexion (c), “patient overall assessment” 
and the valgus laxity at 10° knee flexion (d) or the varus + valgus lax-

ity at 10° knee flexion (e), “pain during gait on flat surface” and the 
varus laxity at 80° knee flexion (f), “instability during stair gait” and 
the varus laxity at 80° knee flexion (g), “patient satisfaction” and the 
varus − valgus laxity at 80° knee flexion (h), and “patient expecta-
tion” and the varus laxity at 80° knee flexion (i) are shown
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10 mm at 75° knee flexion demonstrated better flexion angle 
and greater KSS compared to the knees with AP laxity of 
more than 10 mm. In our study, the averaged AP laxity at 
75° knee flexion was in this range, 5 to 10 mm.

The results in this study suggested that the sagittal laxity 
to some extent is important to obtain better knee flexion, 
although the KSS and “pain at rest” were adversely affected 
by the greater laxity. No correlations were found between 
the AP laxity at 75° knee flexion and the clinical outcomes; 
however, the AP laxity at 30° knee flexion correlated with 
some clinical outcomes. The reason for this would be that 
the AP laxity near extension is more relevant to the clinical 
outcomes because the knee is mostly used near extension 
under weight-bearing in daily activities such as standing and 
walking. Similar to the coronal laxity or even in the higher 
level, the AP laxity would be a trade-off between the range 
of motion and other clinical outcomes.

Both coronal and sagittal laxity together, and the corre-
lations of each laxity with the clinical outcomes including 
patient-reported outcomes were examined, which is one of 
the strengths of this study. Although both coronal and sagit-
tal laxity is important in TKA, our results suggested that 
accessing the coronal laxity would be more beneficial than 
assessing the sagittal laxity because the coronal laxity is 
more related to the clinical outcomes than the sagittal laxity 
is. The coronal and sagittal laxity this study showed is an 
ideal laxity after high-flexion PS-TKA because the cohort 
was selected from the well-functioning knees with a suf-
ficient follow-up period [11]. The current study provided 
an optimized joint laxity to obtain excellent clinical results 
after TKA.

Conclusions

This study exhibited the importance of consistent medial 
laxity both at extension and flexion, which averaged 3.6°. 
Care should be taken to maintain the medial stability and to 
obtain adequate laxity both at extension and flexion during 
surgery.
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