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Unicompartmental arthroplasty of the knee

Cadaver study of the importance of the anterior cruciate ligament

The tibiofemoral articulation on horizontal and 10° tilted tibial compo-
nents was examined radiographically in 20 cadaver knees after lateral ar-
throplasty, and after cutting the anterior cruciate ligament in 10 knees
with medial and 10 with lateral arthroplasty. Articulation took place more
posteriorly on the horizontal components at any degree of flexion exam-
ined; a correlation was found between the operation-induced change in the
inclination of the lateral tibial plateau and the point of articulation. Based
on the regression equations, the expected point of articulation on an ar-
bitrarily chosen component placement could be calculated for any degree
of flexion provided the preoperative inclination was known. Cutting the
anterior cruciate ligament caused articulation to move posteriorly on the
tibial component at both medial and lateral arthroplasty. We concluded
that it was possible to estimate the tilt of the tibial component that was re-
quired to avoid marginal articulations when the preoperative slope of the
tibial plateau was known. Absence of the anterior cruciate ligament

Jens T. Moller
Rainer E. Weeth
Johnny @. Keller
Strange Nielsen

Laboratory of Biomechanics,
Orthopaedic Hospital, Arhus,
Denmark

Correspondence:
Vilhelm Bechsvej 30,

seems to contraindicate unicompartmental arthroplasty.

The relationship between the position of the ti-
bial component in the frontal plane and the
risk of mechanical loosening has been estab-
lished in several studies (Jones et al. 1981,
Jonsson 1981). Experimentally, we found in-
sertion of a tibial component by medial arthro-
plasty with a tilt corresponding to that of the
plateau before the operation to result in a cen-
tral articulation on the component (Mgller et
al. 1985). A similar technique was used in the
present study to determine the tibiofemoral ar-
ticulation after lateral arthroplasty, and to ex-
amine the influence of the anterior cruciate li-
gament on articulation after medial and lat-
eral arthroplasty with insertion of horizontal
or 10° tilted tibial components.

Material and methods

Cemented, lateral arthroplasty was performed in 20
knees, 10 with horizontal and 10 with 10° tilted tibial
components. The aim of the operation was to attain
the same degree of ligamental stability as was found
preoperatively. In four knees with horizontal and
four with tilted components, both varus-valgus and
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axial rotational stability were measured pre- and
postoperatively with a goniometer tracing the mobi-
lity pattern by extension-flexion during application
of a constant moment (Nielsen et al. 1984).

In 10 knees with medial and 10 with lateral ar-
throplasty, the anterior cruciate ligament was cut,
horizontal components being inserted into one half
and tilted components into the other half of the re-
spective arthroplasties.

In 12 knees with lateral arthroplasty, six with
horizontal and six with tilted components, the rela-
tionship between the operation-induced change in
the inclination (A(I, e —Lposoper)”) @nd the tibiofem-
oral articulation was examined. After cutting the
cruciate ligament, the joint was only examined un-
der loaded conditions.

For a detailed description of the experimental
technique and the statistical analysis, see Maller et
al. (1985).

Results

On correct alignment there were no significant
differences between the pre- and postoperative
mobility patterns.

The articulation after lateral arthroplasty in
the unloaded preparations at the tibial angle
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Figure 1. Relationship between the degree of flexion and the
distance from the point of articulation to the anterior edge of the
tibial component in 20 unloaded knee arthroplasties, 10 with
horizontal (e—e), and 10 with 10° tilted (0——o) components.

90° is shown in Figure 1. With both component
placements a progressive posterior shift of the
point of articulation was seen with increasing
flexion. At all flexions the point of articulation
was situated further posteriorly on horizontal
than on tilted components. During flexion of 0—
90° in the unloaded preparations, the differ-
ence in the average distance from the point of
articulation to the front of the component was
13.5 mm on horizontal and 14.1 on tilted com-
ponents.

Changing the tibial angle from 90° to 60° did
not change the articulation (only flexions at 0—

20° were investigated at the tibial angle 60°).

The load caused articulation to move slightly
posteriorly at both component placements and
tibial angles, although the difference was only
significant at 30° and 45° of flexion at the tibial
angle 90°.

There was a significant correlation between
the operation-induced change in the inclina-
tion (AL eoper—Tpostoper )} @nd the tibiofemoral
articulation at all flexions at the two tibial an-
gles. Regression line characteristics for each
degree of flexion for the unloaded praparations
are shown in Table 1. The intersection of the
regression line and the x-axis (x-values for y=0
in Table 1) represents the point of articulation
anticipated on insertion of the tibial compo-
nent at the preoperative inclination. As the re-
gression equations express the relationship be-
tween the change in inclination and the point
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Figure 2. Regression lines at the tibial angle 60° in the un-
loaded preparations after latera!l arthroplasty. (*) marks the
point of articulation that could be expected had a horizontal
[REER ), respectively 8° tilted component (-----) been inserted in
a knee with an inclination of 10° (see text).
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Table 1. Characteristics of the regression lines for the unloaded knee joints

Tibial Degree of x+SD mm
angle flexion a b r for y=0 p<
4] 1.32 -19.0 0.84 144+19 0.001
10 1.35 ~26.8 0.83 19.9+1.9 0.001
20 1.46 -35.6 0.83 24,4417 0.001
30 1.87 ~48.7 0.88 26.0+1.2 0.001
90° 45 1.44 —-38.1 0.75 26.6+£1.9 0.005
60 1.45 -394 0.70 27.2+19 0.02
90 1.05 -29.3 0.63 27.9+26 0.05
105 0.93 -26.4 0.66 28.4+29 0.02
0 1.08 -17.5 0.81 16.2+2.4 0.005
60° 10 1.04 -23.0 0.83 221125 0.001
20 1.35 ~35.5 0.87 26.3+1.7 0.001
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Figure 3. Articulation after lateral replacement at the tibial an-
gle 90° on five horizontal tibial components before (V—V¥)
and after (V...... ) cutting the anterior cruciate ligament, and
on five tilted components before (V—V) and after (V......V)
the cutting.

of articulation, it was possible, at each degree
of flexion, to calculate the anticipated point of
articulation on an arbitrarily chosen compo-
nent placement at a given preoperative incli-
nation. Figure 2 shows the regression lines for
the tibial angle 60°. By insertion of e.g. a hori-
zontal component (postoperative inclination =
0 in a knee with an inclination of 10° the
point of articulation at 10° of flexion is calcu-
lated from y=1.04x-23.0 (Table 1). For y=10,
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Figure 4. Articulation after medial replacement at the tibial an-
gle 90° on five horizontal components before (¥—V¥) and af-
ter (V......¥) cutting the cruciate ligament, and on five tilted
components before (V—V) and after (V ...... V) the cutting.

x=31.7%£2.5 mm, or only 2 mm from the pos-
terior margin of the component. Insertion of a
component tilted 8° (A oper ~Lpostoper) = 2°
yields x=24.2+2.5 mm (the x-values are indi-
cated by * in Figure 2). The difference corre-
sponds to about ' of the extension of the com-
ponent.

After both medial and lateral arthroplasty,
cutting the cruciate ligament made articula-
tion move posteriorly. At the tibial angle 60°
the difference was not significant on the tilted
components at flexion 0° after medial and at 0
and 10° after lateral replacement.

At the tibial angle 90°, the difference on the
tilted components after lateral replacement
was insignificant at 60° and 90° of flexion (Fig-
ure 3), and articulation took place on the pos-
terior edge of the horizontal components dur-
ing flexion of 20°~90°. In the medial replace-
ments the difference before and after cutting
was significant for all flexions with both com-
ponent placements (Figure 4).

Discussion

In lateral arthroplasties articulation took place
further posteriorly on horizontal than on tilted
components, as was found also in the medial
compartment (Mgller et al. 1985); this differ-
ence was significant at all degrees of flexion in
lateral replacements.

During flexion of the normal knee, the tibio-
femoral contact moves further posteriorly on
the lateral than on the medial plateau (Dra-
ganich et al. 1984). Hungerford et al. (1982)
thus recorded a displacement of 6 mm in the
medial and 12 mm in the lateral compartment
during 0-40° of flexion, causing an automatic
internal rotation of the tibia about the femur.
Posterior displacement of more than 1 cm of
the articulation during flexion calls for a very
precise placement of the tibial component; the
position should be as far posterior as possible,
and, as demonstrated by the present study, the
use of horizontal components involves the
greatest risk of marginal loads. By inserting
the tibial component with the preoperative in-
clination (Table 1), articulation was found to be
the same as in the intact knee, causing load
transmission to the strongest part of the sub-
jacent bone (Hvid & Jensen 1984).
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The fully extended knee exhibits rotational
stability, and the first part of flexion allows
only minimal rotation (Nordin & Frankel
1980). An assessment based on the recorded
mobility patterns revealed that proper align-
ment ensured the same level of stability after
lateral replacement as existed in the intact
knee. It is therefore to be expected that the
points of articulation found in our study, corre-
sponding to the first 60 per cent of the stance
phase, should not substantially deviate from
those obtained in clinical conditions.

Only a few authors have described the condi-
tion of the anterior cruciate ligament in con-
nection with unicompartmental arthroplasty
(Marmor 1977, Andersen 1979, Laskin 1979,
Kohlstad et al. 1980). We found that with both
medial and lateral replacement, absence of the
ligament led to considerable displacement of
the articulation and a risk of posterior, mar-
ginal loads on the tibial component.

QOur investigation has shown that it is pos-
sible to calculate the inclination of the tibial
component required to avoid marginal artic-
ulations when the preoperative slope of the ti-
bial plateau is known. Absence of the anterior
cruciate ligament seems to contraindicate uni-
compartmental arthroplasty.
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