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Abstract: A radiographic technique to quantify varus and valgus joint laxity in
flexion after total knee arthroplasty (TKA) was evaluated by means of inter-rater
assessment in 12 patients. The test was shown to have good reliability. The simple
method helps to detect instability in knee flexion that might be overlooked in a
conventional clinical examination. Key words: knee, arthroplasty, stability, laxity,
stress, flexion, varus, valgus.
© 2003 Elsevier Inc. All rights reserved.

In total knee arthroplasty (TKA), over-resection of
the posterior femoral condyle may lead to varus or
valgus instability in knee flexion without affecting
stability in extension. It has therefore been pro-
posed that varus-valgus stability should not only be
assessed in extension, but rather over the entire
range of motion [1]. However, clinical assessment
of varus and valgus stability in knee flexion is not
always precise, because as the flexed knee is
stressed into the varus or valgus direction, tib-
iofemoral varus-valgus tilt can barely be distin-
guished from simultaneous hip rotation. Further-
more, as the knee is stressed, the amount of medial
or lateral joint opening is difficult to palpate, espe-
cially in obese patients. Because there appears to be

no better method than the clinical examination for
assessing knee joint opening in flexion, the goal of
this study was to evaluate a radiographic measure-
ment technique.

The radiographic examination was performed
with the patient lying on a radiolucent board con-
sisting of 3 parts connected by hinges with the hip
and knee joints flexed to 80° (Fig. 1). The hinge at
the hip level allowed the thigh to be guided in
adduction or abduction. The hinge at the knee level
allowed the knee flexion angle to be varied. The
board below the thigh was adjustable to individual
thigh length to stabilize the thigh distally in a hol-
ster. The thigh was free to rotate within the holster.
The buttocks touched the board below the thigh.
With a spring scale a force of 50 N applied 0.3 m (12
inches) distal to the tibiofemoral joint perpendicu-
lar to the lower leg. The board below the thigh was
rotated to adduct or abduct the thigh so that a
sagittal radiograph of the femoral component could
be taken (Fig. 2). The knee flexion angle was al-
tered to produce the narrowest projection of the
plateau of the tibial component. The diode was
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tilted 5° craniocaudal from the vertical. The fluo-
roscopy emission time until X-ray capture at 70 KV
and 80 to 250 mAs was usually less than 3 seconds
per radiogram. On the radiogram, the angle be-
tween the tangent of the femoral condyles and the
tibial plateau (�varus, �valgus) was measured.

We use this method regularly in patients with
knee pain after TKA for an unknown reason, insta-
bility in the clinical examination after TKA, and for
planning revision arthroplasty. In 12 patients, the
testing procedure and the measurements were per-
formed independently by an orthopaedic surgeon

(T.S.) and a radiologist (C.P). The patients gave
informed consent to participate in the ethical ap-
proved study. The reliability of repeated measure-
ments was assessed by determining the intraclass
correlation coefficient. To examine the level of
agreement between the 2 raters, the method rec-
ommended by Bland and Altman [2] was also used.

The intraclass correlation coefficient was 0.93
(95% confidence interval 0.84 to 0.97), which is
high and shows that the measurements made by
the 2 raters were well correlated. The bias or sys-
tematic error between the 2 raters was �0.5° (95%
confidence interval, �0.1 to 1.2), which is minimal.
The standard deviation (SD) of the differences be-
tween individual pairs of measurements, also de-
noted as SD of bias (precision value), was 1.6°.
Thus, the “limits of agreement” (given by the bias �
2 SD) were 2.7° to �3.7° (Fig. 3). This means that in
95% of cases, rater one could be expected to yield
values that were between 2.7° higher and 3.7°
lower than rater two.

With the present technique, an external moment
was applied to the knee at a magnitude similar to
that used during the clinical examination for varus/
valgus stability [3]. This moment was well toler-
ated, without causing pain in most of the patients
examined. Therefore, induced muscle contraction
and subsequent tibiofemoral stabilization (falsely)
decreasing the joint opening could be minimized
without use of local anesthesia.

Flexion gap laxity evaluation is normally per-
formed in 90° flexion. However, fluoroscopic ex-
amination in 90° flexion was not possible, because
in this position, the soft tissues of the thigh and

Fig. 2. Varus stress radiograms with two different projec-
tions of the femoral component. (A) The dorsal end of the
femoral component forms a sharp convex contour (ar-
row) indicating insufficient positioning of the thigh in the
adduction-abduction plane for a strictly sagittal radio-
graph. (B) The sharp convex contour has disappeared
indicating correct positioning.

Fig. 1. The radiographic examination was performed
with the patient lying on a radiolucent board consisting of
3 parts connected by hinges with the hip and knee joints
flexed to 80°.
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buttocks cover the condyles of the femoral compo-
nent in the radiographic projection. We assume,
however, that the difference in joint opening at 80°
knee flexion, as measured with the present tech-
nique, is negligible.

This simple method helps to detect instability in
knee flexion, which may otherwise be overlooked
in the clinical examination (Fig. 4).
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Fig. 3. Diagram for the mean of repeated measurement
values (of r1 and r2) and the differences between repeated
measurement values. Black box represents �varus values;
black diamond represents �valgus values.

Fig. 4. Radiographs of one knee of an obese patient. A
varus moment (radiographs on the left side) and a valgus
moment (radiographs on the right side) were applied in
knee flexion (top radiographs) and extension (bottom
radiographs). The radiographs in extension were per-
formed with the same external force application as in
flexion (15 Nm). The radiographs in flexion show high
joint opening (�varus: 12°; �valgus: 22°) and major dis-
placement as the valgus moment is applied. These find-
ings are not present in the radiographs in extension.
These findings were also missed in the clinical examina-
tion performed independently by three of the authors
(T.S., O.K., J.R.). The top radiographs show screw and
stripe artifacts from the first generation device.
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