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Abstract

Currently, pre-operative analysis of soft-tissue balance is limited to measures of
passive laxity rather than active laxity. By including active laxity data, a more
comprehensive surgical plan can be delivered, however there are no measures for active
laxity currently in routine use. Therefore, the validation of a proxy measure based on
routine collected imaging is valuable. This study aimed to determine whether coronal
knee laxity can be predicted from pre-operative alignment and bony morphology of the
knee. Fifty-eight patients with pre-operative CT and stressed x-ray imaging for activity
laxity were analysed to identify anatomical landmarks and determine varus-valgus laxity
ranges for a range of flexion angles with the joint subjected to lateral forces. Correlations
between anatomical and alignment parameters, vs laxity ranges and midpoints were
determined using pairwise complete Pearson linear correlation analyses. Of the 17
anatomical/alignment measurements studied, 8 correlated significantly with the knee
laxity range’s midpoint at 20° flexion, with the strongest correlation being with supine
coronal alignment (r = 0.95, p < 0.001); the findings were similar at 45-90°. Compared
to knee laxity midpoint, knee laxity range was not as strongly correlated with anatomical
and alignment parameters, with only 3 anatomical parameters correlated significantly
with laxity range at 20° flexion and none at 45-90° flexion. These results suggest
morphological measurements and anatomical characteristics may help define functional
coronal laxity range of the knee.
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1 Introduction

One of the primary goals of total knee arthroplasty (TKA) surgery is to establish a soft-tissue friendly
laxity profile through the full range of motion [1]. If appropriate ligament balance is not achieved,
stiffness or instability of the knee joint can occur [2]. Currently, pre-operative surgical analysis of soft-
tissue balance is limited to examination of static images (X-ray & CT) [3, 4], combined with intra-
operative passive assessment of laxity by subjective force, navigation, tensioners or spacer blocks. [5,
6]. None of these coronal knee laxity assessments establish the patient’s active laxity profile, which
may be an important consideration for achieving optimal soft-tissue balance during surgery. Active
stress X-rays can be captured pre-operatively to define the patient specific coronal laxity, however,
these assessments are not routine. The purpose of this study is to determine if active laxity profiles
gathered from stress x-rays could be predicted from a patient’s pre-operative alignment & bony
morphology. Ascertaining these relationships could allow surgeons to better understand the active pre-
operative laxity profile prior to surgery — allowing for more comprehensive pre-operative planning &
the establishment of surgical knee laxity goals post. The study hypothesis is that coronal knee laxity
can be predicted from pre-operative alignment and bony morphology of the knee.

2 Methods

Fifty-eight patients with an average age of 67 were retrospectively analysed. Pre-operative CT scans
were captured for each patient and used to generate 3D bone models, from which anatomical landmarks
were identified. These landmarks were used to calculate 17 morphological & alignment measurements
(three examples are shown in Figure 1A-C). Stress x-rays were obtained pre-operatively using a Telos
(METAX, Germany) stress device to apply varus & valgus forces at 20° extension and between 45 &
90° flexion. The 3D CT-generated bone models were then registered to the 2D stress x-rays using
Mimics (Materialise, Belgium) Research software (Figure 1D). Landmarks acquired from the pre-
operative CT scan to define patient specific anatomic axes were then transformed to the stressed bone
locations and used to calculate the varus and valgus extents of the patient’s laxity range. The laxity
midpoint of the knee was also found by taking the average of the varus and valgus extents. Correlations
between anatomical landmarks and laxity ranges and midpoints were determined using pairwise
complete Pearson linear correlation analyses.

3 Results

Of the 17 morphological/alignment measurements included in this study, 47% (8/17) correlated
significantly with knee laxity midpoint at 20° flexion & 59% (10/17) correlated significantly with knee
laxity midpoint at 45-90° flexion. The strongest correlation was between knee laxity midpoint at 20°
flexion and supine coronal alignment (r = 0.95, p < 0.001). Only 18% (3/17) of anatomical
measurements correlated significantly with laxity range at 20° flexion and no significant correlations
were identified with laxity range at 45-90° flexion. The anatomical measurements that correlated
significantly with laxity range at 20° flexion were coronal angle between the anatomic and mechanical
axes of the femur (r = -0.34, p = 0.008) (Figure 3), external rotation of Whiteside’s axis from the
transepicondylar axis of the femur (r = -0.28, p = 0.033) & the supine lateral joint gap (r =-0.31, p =
0.018).
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4 Discussion

The absence of correlation between the flexion laxity range and coronal alignment indicates coronal
alignment alone is insufficient to characterise the knee laxity profile. Pre-operative laxity range may be
an important measurement for surgeons when determining a target post-operative knee laxity [7].
Obtaining stressed X-rays to determine functional laxity ranges however, is not practical for routine
TKA pre-operative analysis and consequently we investigated whether patient specific knee laxity
could be predicted from anatomical features on CT scan and radiographs. Previous investigations have
found correlations between knee osteoarthritis, alignment and laxity [8], but have not investigated
morphological measures on a 3 dimensional patient specific basis. At this stage knee laxity at 20°
flexion has shown a significant correlation, indicating that with greater data, bone morphology may
assist in characterising the soft tissue profile. As the dataset builds and further morphological
measurements are explored, coronal laxity through a full range of motion may be predictable, but at this
stage specialised radiographs or an alternative intra-operative measurement technique is required.

5 Conclusion

Morphological measurements and anatomical characteristics may help define functional coronal
laxity range of the knee. Alternative methods in addition to static imaging need to be explored to define
patient specific coronal knee laxity. These may include functional knee radiographs or intra-operative
measurement techniques or both combined.
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Figure 1: Examples of anatomical measurements included in this analysis. A) External rotation of Whiteside’s
axis to the transepicondyar axis of the femur. B) Supine lateral joint gap. C) Coronal angle between the
mechanical to anatomic axes of the femur. D) Registration of bone models to stressed x-rays in Mimics.
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Figure 2: The relationship between the angle between the anatomic & mechanical axes of the femur & knee
laxity at 20°.
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