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Introduction

Favourable long-term results of total knee arthroplasty 
(TKA) require the achievement of an appropriate soft tis-
sue balance. Soft tissue balance may be achieved by equal-
izing the joint gaps at extension and at 90° flexion and by 
making each joint gap rectangular [3]. Various surgical 
techniques and tensor/balancer devices have been devel-
oped to achieve gap and ligament balance from extension 
to deep flexion [11, 12]. However, making the joint gaps at 
extension and at 90° flexion completely rectangular is dif-
ficult [8, 9]. Since healthy knees have physiological lateral 
laxity [13, 19], mild lateral laxity may be acceptable after 
TKA. To determine the extent of lateral laxity allowable, 
it is necessary to compare ligament balance at extension 
and at 90° flexion and to evaluate clinical outcomes after 
TKA. Ligament balance at extension after TKA has been 
assessed manipulatively or using the Telos arthrometer. For 
example, assessment of ligament balance in extension in 
77 patients 5–9 years after TKA showed that mediolateral 
laxity within about 4° produced favourable clinical out-
comes, with no clinical complications and a good range of 
motion [4]. However, the relationships between long-term 
outcomes after TKA surgery and mediolateral laxities at 
extension and at 90° flexion remain unknown.

This study hypothesized that patients with mild lateral 
laxities at extension and at 90° flexion after TKA have good 
long-term clinical outcomes. This study therefore evaluated 
the relationships between mediolateral laxity and long-term 
outcomes at least 10 years after TKA, with ligament bal-
ance at extension assessed using a Telos arthrometer and 

Abstract 
Purpose Favourable long-term results after total knee 
arthroplasty (TKA) require appropriate soft tissue balance. 
However, the relationships between long-term results after 
TKA surgery and mediolateral laxities at extension and at 
90° flexion remain unknown. This study therefore quanti-
tatively assessed ligament balance at extension and at 90° 
knee flexion at least 10 years after primary TKA, as well 
as clarifying the relationships between long-term outcomes 
and mediolateral laxities.
Methods This study included 49 knees (19 CR type and 
30 PS type) of 33 patients followed up for at least 10 years 
after TKA at our hospital. Plain radiographs were obtained 
with about 150 N of varus or valgus stress using a Telos 
arthrometer at extension. At 90° flexion, epicondylar views 
were obtained under a 1.5-kg load and with about 10 kg of 
varus or valgus stress.
Results Lateral laxity of about 5° was observed in both 
extension and flexion, with total laxities of varus and val-
gus stress each less than 10°. Postoperative clinical out-
comes were good, with significant improvements in exten-
sion angle, femorotibial angle, and KSS, and no loosening 
in any knee.
Conclusions Good long-term results of TKA can be 
obtained with a lateral laxity of about 5°, equivalent to that 
of healthy knees.
Level of evidence III.

 * Yuji Arai 
 yarai89046@nike.eonet.ne.jp

1 Department of Orthopaedics, Graduate School of Medical 
Science, Kyoto Prefectural University of Medicine, 
465 Kajiicho, Kawaramachi-Hirokoji, Kamigyo-ku, 
Kyoto 602-8566, Japan

http://crossmark.crossref.org/dialog/?doi=10.1007/s00167-015-3601-0&domain=pdf


2513Knee Surg Sports Traumatol Arthrosc (2016) 24:2512–2516 

1 3

ligament balance at 90° flexion assessed using the trans-
epicondylar view [5, 18].

Materials and methods

This study included 49 knees in 33 patients followed up for 
a minimum of 10 years after TKA at our hospital. The 33 
patients consisted of 1 man and 32 women, of median age 
81 years (range 67–95 years) and a mean follow-up period 
of 12 years, 8 months (range 10 years, 0 months–19 years, 
8 months). TKA was performed using a cruciate-retaining 
design (CR type) in 19 knees (mean follow-up, 14 years, 
5 months) and a posterior-stabilizing design (PS type) in 30 
knees (mean follow-up, 11 years, 3 months) (Table 1). Two 
knees had valgus deformities and 47 had varus deformities. 
The underlying disease was osteoarthritis in 45 knees and 
spontaneous osteonecrosis of the medial femoral condyle 
in 4 knees; knees with infection and autoimmune disease 
were excluded.

Plain radiographs were obtained with about 150 N of 
varus or valgus stress added using a Telos arthrometer (Fa 
Telos, Medizinisch-Technische, Griesheim, Germany) at 
knee extension. At 90° flexion, an epicondylar view was 
obtained under a 1.5-kg load and with about 10 kg of varus 
or valgus stress by manipulation [5, 18] (Figs. 1, 2). The 
post-operative condylar twist angle (CTA), defined as the 
angle formed by the femoral posterior condylar axis and 
the clinical trans-epicondylar axis (CEA), was measured, 
and femoral rotational alignment was assessed. Varus and 
valgus laxities were assessed by measuring on film the 
angle formed by the tangential lines on the femoral con-
dyles and the tibial plateau.

Other factors assessed included pre- and post-operative 
joint ranges of motion, femorotibial angle (FTA), Knee 
Society Score (KSS), postoperative implant looseness, 
CTA, varus and valgus laxities during extension and 90° 
flexion stress and the between-implant inclination angle 
at 90° flexion under a 1.5-kg load. Implant loosening was 
assessed by the presence of a surrounding radiolucent line 

and/or subsidence. Lateral laxity was defined as positive. 
Between-implant inclination angle was measured twice by 
one observer at different times to determine intraobserver 
reliability, and blindly and independently by three observ-
ers to determine interobserver reliability (Table 2). This 
study was approved by the Institutional Review Board in 
Kyoto Prefectural University of Medicine (approval num-
ber: ERB-C-221).

Statistical analysis

All data were analysed using the R statistical software 
package. Data were compared by one-way analysis of vari-
ance, with p < 0.05 defined as statistically significant. Intra-
class correlation coefficients (ICCs) were calculated with 
two-way random model using SPSS (version 21.0 for Win-
dows; IBM, Chicago, IL).

Results

Pre- and post-operatively, the average extension angles 
were −9° ± 9° and 1° ± 3°, respectively (p < 0.01), 
while the average flexion angles were 117° ± 18° and 
114° ± 12°, respectively (n.s.). Mean FTA was signifi-
cantly lower (p < 0.01), while mean KSS was significantly 
higher (p < 0.01), after than before TKA (Table 3). None 
of the knees showed evidence of implant looseness, such 
as a surrounding radiolucent line or subsidence. The aver-
age joint laxities at extension were 5° ± 3° (range 0°–11°) 
in varus and 3° ± 2° (range 0°–7°) in valgus. At 90° flex-
ion, the average joint laxities were 6° ± 4° (range 0°–20°) 
in varus and 4° ± 3° (range 0°–9°) in valgus, with laxities 
being about 2° higher at varus than at valgus at both the 
extended position (p < 0.01) and 90° flexion (p = 0.013). 

Table 1  Implants used

CR-type 19 knees PS-type 30 knees

Kinemax Plus (Howmedica) 4

Deltafit (Stryker) 11

MG2 (Zimmer) 2

Genesis II (Smith and 
Nephew)

2

Scorpio (Stryker) 28

NexGen LPS-Flex (Zimmer) 1

Natural Knee 2 (Zimmer) 1

Fig. 1  Extension stress imaging: a varus and b valgus stress (150 N) 
applied using the Telos arthrometer
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The total laxity of varus and valgus stress was stable, 
with means of 7° ± 3° (range 1°–16°) at extension and 
10° ± 5° (range 0°–21°) at 90° flexion (p = 0.016). A 
comparison of CR- and PS-type knees showed that both 
had similar varus–valgus laxities in extension (p < 0.01 

each). At 90° flexion, the CR type tended to have varus 
laxity (p = 0.056), but there was no significant varus–
valgus difference observed with the PS type (n.s.). Mean 
laxity at a flexed, 1.5-kg load position was 2° ± 3° (range 
−4° to 20°), with mild lateral laxity (<5°) observed in 45 
(92 %) of the 49 knees. The mean CTA was 3° ± 2° (range 
0°–20°), with no readily apparent failure of the femoral 
rotation position observed.

Discussion

The most important finding of the present study was that 
lateral laxities of about 5° at both extension and 90° flexion 
were acceptable at long-term follow-up after TKA surgery.

Factors that affect the long-term results of TKA include 
soft tissue balance and the position of implant installa-
tion. Excessive instability resulting from poor soft tissue 
balance causes wearing of the polyethylene and breakage 
of the implant [6, 20]. Therefore, an appropriate soft tis-
sue balance is important for obtaining favourable long-term 
results. Soft tissue balance includes the balance at exten-
sion and at 90° flexion. It has been recommended that 
adjustments be made to equalize balances at extension and 
at 90° flexion and that the joint gaps be rectangular [3]. 
However, only 7.7 % of knees were found to have perfectly 
rectangular gaps [2], and even experienced surgeons find it 
difficult to equalize the extension and 90° flexion balances 
and to make the joint gaps rectangular. Although favourable 
long-term outcomes of TKA have been reported, the rela-
tionships between these outcomes and mediolateral laxities 
at extension and at 90° flexion remain unknown. This study 

Fig. 2  Flexion stress epicondylar view imaging: a 1.5-kg load position (lateral laxity is positive), b varus and c valgus

Table 2  Intraclass correlation coefficients (ICC)

Intraobserver  
reliability

Interobserver  
reliability

Varus at extension 0.914 0.935

Valgus at extension 0.79 0.834

Total laxity of  
extension

0.954 0.938

Laxity at a flexed,  
1.5-kg load position

0.978 0.975

Varus at 90° flexion 0.953 0.96

Valgus at 90° flexion 0.88 0.914

Total laxity of 90° flexion 0.954 0.963

Table 3  Clinical parameters before and after total knee arthroplasty 
(TKA)

n.s. non-significant

* For comparisons of pre- and post-operative results

Preoperative Postoperative P value*

Range of motion

 Extension −9° ± 9° 1° ± 3° p < 0.01

 Flexion 117° ± 18° 114° ± 12° n.s.

Femorotibial angle (FTA) 186° ± 10° 172° ± 3° p < 0.01

Knee Society Score (KSS) 39 ± 14 75 ± 7 p < 0.01
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was therefore designed to evaluate these relationships a 
minimum of 10 years after TKA.

An evaluation of physiological laxity in healthy knees 
using varus–valgus stress images found that both exten-
sion and flexion had about 3° of lateral laxity [13], with 
healthy knees also reported to have mild lateral laxity. An 
assessment of extended-position balance and range of 
motion 1 year after TKA in 80 patients reported significant 
improvements in range of motion in patients with a <2° 
varus–valgus difference, when compared with patients with 
a ≥2° varus–valgus difference, as well as in patients with 
a total varus–valgus laxity of 6°–10°, when compared with 
patients with a total varus–valgus laxity <6° or >10° [7]. 
An assessment of 77 patients 5–9 years after TKA reported 
that mediolateral laxity within about 4° produced favourable 
clinical outcomes at extension [4]. Taken together, these 
findings showed that good soft tissue balance was associ-
ated with favourable postoperative clinical outcomes and 
range of motion. However, the effects of good soft tissue 
balance on long-term results had not been determined. This 
study showed a mean lateral laxity at extension of about 5°, 
a 2° varus–valgus difference and a total varus–valgus lax-
ity of 7°. Postoperative results showed favourable clinical 
outcomes, with significant improvements in extension range 
of motion, FTA, and KSS, and no looseness in any of the 
knees. Taken together, these findings indicate that good soft 
tissue balance is related to favourable long-term clinical 
outcomes.

Various methods have been developed to measure 
knees in flexion. The epicondylar view consists of plain 
radiograph with the knee in 90° flexion; this method also 
allows for imaging at a flexed position under conditions 
of varus–valgus stress [5]. This method has been reported 
to correlate with intraoperative measurements using a ten-
sor/balancer device [10], but this correlation has not been 
determined in patients undergoing long-term follow-up 
after TKA. Installation of the femoral component at a 
significantly internally rotated position into knees show-
ing lateral instability in flexion yielded poor clinical out-
comes, including pain [14]. Based on the recommendation 
that the femoral component be approximately 3° internal 
to the CEA [5], none of the knees evaluated in this study 
showed a readily apparent poor femoral rotational align-
ment (mean 3° ± 2°), with the position of installation hav-
ing little impact on ligament balance. Moreover, lateral 
laxity of about 5° was observed at 90° of flexion, and the 
total varus–valgus laxity was less than 10° for both flexion 
and extension. One report found no evidence of lift-off at 
about 5° of laxity [3]. Mild lateral laxity after TKA surgery 
was reported necessary for the reproducibility of the medial 
pivot pattern in flexion [1], consistent with results showing 
that healthy knees in a flexed position had about 5° of phys-
iological lateral laxity and a varus–valgus total of about 10° 

[19]. Thus, mild lateral laxity, equivalent to that of healthy 
knees, should yield favourable long-term results after TKA.

Although several recently developed tensor/balancer 
devices [9] were found to enhance appropriate soft tissue 
balance during surgery, perfect matches of soft tissue bal-
ances remain difficult. Use of offset-type tensor to assess 
135 knees, 90 CR type and 45 PS type, that underwent 
osteotomy using the gap technique, and 120 patients, 20 
with CR type and 100 with PS type, that underwent oste-
otomy using the measured-resection technique, found that 
a rectangular form could be acquired in only 66.7 % of the 
CR type and 44.4 % of the PS type using the gap technique 
and in only 50.0 and 28.0 %, respectively, using the meas-
ured resection technique [8]. The results presented here 
also showed a 2° varus–valgus difference in the between-
implant inclination angle for both extension and 90° flexion 
and that it was difficult to adjust to a rectangular form.

In the flexed position, CR-type knees showed lateral lax-
ity, whereas PS-type knees did not show a significant differ-
ence in varus–valgus. PCL interruption has been reported 
to increase medial laxity in a flexed position [15] and may 
have resulted in lower lateral laxity when using PS-type 
knees. These findings indicate that PS-type knees in particu-
lar require strict adjustments of soft tissue balance to prevent 
medial laxity in a flexed position. The mild lateral laxity 
allowable in extension and 90° flexion is clinically relevant.

This study had several limitations, include the small 
numbers of patients and knees and the lack of assessment 
of midflexion instability. In addition, comparisons were 
made using different models. Also the results were skewed 
towards patients who performed well after TKA, as this 
study only assessed patients followed up for a minimum 
10 years who did not undergo revisions during this time 
period. Moreover, changes in lateral laxity over time have 
not been assessed. Although one study reported that mean 
lateral laxity in an extended position, from immediately 
after TKA surgery until 1 year later, was reduced by about 
4° [16], another found that varus–valgus laxity increased 
over time after TKA [21], and a third observed no readily 
apparent changes over time [17]. These reports assessed 
short-term progression after surgery, indicating a need for 
studies assessing long-term results.

Conclusion

Favourable long-term clinical outcomes were observed 
in patients who underwent TKA, with soft tissue balance 
being stable in both extended and flexed positions and a 
mild lateral opening observed. None of the knees included 
experienced looseness of implants or poor rotational instal-
lation. These results suggest that lateral laxity of about 5° is 
acceptable at long-term follow-up after TKA surgery.
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