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Abstract

Background. The principle of the unicompartmental knee prosthesis of Ténnis was to use
a thinner polyethylene tibial plateau and place it on a good or fair tibial bone surface ce-
mented and without metal backing. The hypothesis was that the rate of loosenings should

be less on the long term and revisions could be performed easily.

Material. A total of 424 unicompartmental knee arthroplasties were implanted between
1974 and 1984, and 359 of the prostheses (85%) --39 of the Marmor type, 315 of the Ton-
nis type and 5 combinations -- were reexamined after periods of 1-11 years. 227 had been

implanted medially, 32 laterally and 100 in both compartments of the knee.

Results. The survival rate at 11 years, when loosened components were added to revised,
was 82%. The revision rate of the early Marmor prosthesis was 14.6%, and that of the
Tonnis prosthesis was 6.3% (31.3% in rheumatoid patients). There were only minor differ-
ences in the results with medial, lateral and bicompartmental prostheses. Due to the spar-
ing tibial resection, it was possible to exchange the plateau component in nearly all cases.

39.7% of the joints were free of pain. There was occasional slight pain in 37.6%,
moderate pain in 13.1%, usually at the start of walking, and severe pain in only 11.4%.
Normal walking was unlimited in 46.6% of the joints. In the remaining joints, walking limita-
tion was often due to pain in other joints.

Better varus correction was achieved with bilateral unicompartmental prostheses. A
position of 1° valgus = 5° varus relative to the normal 6° valgus was still present to a mod-
erate degree because of tight medial collateral ligaments. But loosening and revision rised

only where there was 7° and more varus deviation from the normal 6° of valgus (34%).

Conclusion. The revision rate for the tibial component was significantly increased only
with the polyethylene plateau of 4 mm thickness (24%). The 5--7mm and 8--9mm thick-
nesses had equal revision rates (11-16%). The confidence limit was 0.65. Today a thick-

ness of 8-9 mm is commonly recommended by others.



Clinical relevance. This paper, is intended as an contribution to the discussion of
whether it is safer in the long term to preserve the subchondral bone plate of the tibia and
use thinner components designed in one-millimeter thickness increments. It also stresses

the advantages of the unicompartmental sledge prostheses.

Introduction

It is only in the last 15 to 20 years that endoprosthetic knee arthroplasty has become a
widely accepted treatment modality for osteoarthritic knees. Current options are the use of
constrained hinged prostheses, unconstrained prostheses that completely cover the
condylar bearing surfaces on the femoral side and the opposing tibial plateau, and unicom-
partmental resurfacing prostheses, known also as sled (or sledge) prostheses (Engel-
brecht 1971). The latter type leaves the collateral and cruciate ligaments intact, thereby
preserving the basic and the sensomotoric physiology of the knee joint. The runner of the
sled prosthesis is cemented to the condyle, and a half-moon-shaped plateau component is
cemented to the upper tibia. The sled type of prosthesis is the subject of this paper. The

new mobile-bearing knee implants are not discussed.

We first introduced the Marmor modular knee prosthesis in 1974 (Marmor 1973,
1984) (Fig. 1).

Fig. 1

._“II f-
R A

The polyethylene plateau was originally designed as an inlay prosthesis, but soon we
began placing the component onto the leveled subchondral bone of the tibial plateau,
since that area is naturally structured to bear pressure while the underlying cancellous

bone is not.



To minimize the extent of bone resection on both sides of the joint space, we worked
with the firm Waldemar Link of Hamburg to develop a sled prosthesis (Tonnis, 1979) with
low-profile metallic runners that would be combined with a thin tibial polyethylene compo-
nent stabilized with an anchoring tab (Figs. 2-4). Thus, our implantation technique differs
fundamentally from other techniques that involve the use of an 8- or 9-mm-thick tibial com-
ponent or metal backing that requires opening the area of the trabecular and cancellous
bone. A key question is whether tibial components implanted in this way have a better
long-term survival or whether the cancellous bone after larger resections can adapt and

strengthen to the same extent.

Fig. 2

Fig. 3




Fig. 4

The Structures of the Upper Tibia and their Stress Tolerance

In addressing the question of how much of the load-bearing layers of the upper tibia must
be preserved so that a unicompartmental plateau component will not loosen or deform, or
conversely how much bone can be resected when a thicker prosthesis is used, we should

briefly review our current knowledge on the anatomy of the tibial condyles.

The uppermost layer is formed by cartilage, which is thickest where the medial edges
of the menisci leave the articular surface exposed (Noble, Alexander 1985). The cartilage
underneath the menisci is thin. Below the cartilaginous surface is the subchondral bone
plate, which in turn is supported from below by trabecular pillars (Noble, Alexander 1985).
These pillars are buttressed distally by the lateral cortex (metaphyseal shell) of the upper

tibia in the area where the tibial metaphysis tapers toward the shaft.

Bone density is normally lowest beneath the outer, thickest portion of the meniscus
(Goldstein et al.1983, Hvid et al.1983, Hvid, Hansen 1985, Hvid et al.1985, Noble, Alexan-
der 1985). Towards its inner edge, the bone density increases and reaches its maximum a

little medial to that edge.



It decreases again toward the intercondylar eminence. As a result, the periphery of the up-
per tibia contributes little to load bearing (Finlay et al. 1989). The zone of maximum load
bearing is located at the center of the medial and lateral plateaus, extending somewhat
more anteriorly on the medial side and somewhat more posteriorly on the lateral side. If
the menisci are damaged or removed (Bourme et al. 1984) and especially if osteoarthritis
is present, the bone density increases, showing an even greater increase in response to

genu varum or valgum (Finlay et al.1989, Hvid, Hansen 1985, Zysset 1994).

Vasu et al. (1986) have evaluated the different material regions or layers of the tibial
condyles and measured different properties. The highest strength is found in region 2, the
subchondral and upper trabecular bone region. But immediately below in region 4 or 5, the
elastic modulus drops from 5000 to 440 or 100, the Poisson ratio from 0.31 to 0.21 or 0.18,
and the yield strength (in MPa) from 71.3 to 14.0.

Similar observations have been made by other authors. Harada et al.(1988) used in-
dentation tests to determine the ultimate strength of the proximal tibia. Measurements
were made at the subchondral bone surface and on transverse planes up to 25 mm below
the surface. The medial condyles were stronger than the lateral condyles, and in both cas-
es bone strength decreased abruptly with distance from the surface, especially over the

first 5 mm.

Hvid et al. (1986) performed thin-needle axial penetration tests and axial compression
tests. The penetration strength at five successive 2-mm levels beneath the resected sub-
chondral surface decreased significantly, except for the posterolateral side initially, and
then tended to level off. The reduction was most pronounced at the center of the condyles.

The curve decreased rapidly after 2 mm to 5 mm and then more gradually.

Little et al. (1986) plotted the load sharing between the cancellous bone and the cylin-

drical cortical bone for the first 40 mm distally from the tibial eminence.

These studies show that bone strength declines significantly starting at a distance of 2
mm from the uppermost bony layers of the upper tibia. Odgaard et al. (1989) point out,
however, that conventional stiffness and strain measurements are unreliable in the distal,
intermediate, and proximal third of the cylindrical trabecular bone area due to a lack of tra-
becular constraint at the end surfaces. As a result, conventional measurements tend to un-

derestimate failure strains.



Using the finite-element method to measure stress distribution in the tibial plateau,
(Hoffmann 1995, Kilgus et al.1991) found that a plateau thickness of 4 mm generally was
not adequate to withstand a test load of 1500 N and that a material thickness of at least 6-
8 mm was required. Kilgus et al. (1991) had already reached the same conclusion for pros-
theses with nonconforming contact surfaces. Bartel et al. (1986) suggested a material
thickness of 8 mm or preferably 8-10 mm. Today this thickness is considered the standard
for nonconforming prostheses. In this regard, we feel that it is worthwhile to review our
own study results from previous years. It probably is of importance that our tibial polyethy-

lene plateau had finally a supporting anchoring tab in the center (Fig. 3).

Methods

Operative Technique

Medial surgical approach. The knee joint is exposed through a medial parapatellar inci-
sion that is carried through the skin and the short medial tendinous attachments of the vas-
tus medialis at the proximal patella. Then the incision extends 3-4 cm upward at the border
of the rectus femoris tendon. We help preserve the vastus medialis by not separating it
from underlying tissues or overstretching it when retracting the patella. For a bicompart-
mental arthroplasty, we can osteotomize the tibial tuberosity for better vision, removing a

segment 5-6 cm long, 2.5 cm wide, and no less than 6-8 mm thick.

Later we tentatively fix the segment with Kirschner wires and reattach it with 2 Blauth
flat-head cancellous bone screws. It should be reattached at a moderate pressure to avoid
pressure necrosis. The infrapatellar fat pad is dissected slightly from the bone, but should
not be removed because it contains numerous proprioceptive endings. The lateral parap-

atellar approach is similar.

Preparation of the femoral condyles. The knee is placed in 90° flexion and the foot im-
mobilized with a sandbag. After the meniscus is removed, the superficial portion of the
posterior femoral condyle is removed with a flat Lexer chisel, which is directed coaxial to
the femoral shaft. The thickness of the osteotomy is 10-12 mm, or slightly more in a large
knee joint (Fig.4). Unless a sufficient thickness is removed, there will be too much ligamen-

tous tension in the flexed knee, making flexion difficult and painful. A template and drill



guide is then used to check whether some bone needs to be removed from the condylar
surface in addition to cartilage. The prosthesis should seat against the subchondral bone
surface. The tip of the runner should be sunk to the depth of the cartilage layer, if present.
The runner is directed in the sagittal plane with its bearing surface at a 90° angle to the tib-
ial axis. A 7-mm hole is drilled 40 mm deep to accommodate the stem of the prosthesis.
An oscillating saw is then used to cut a narrow slot for the short, sagittal anchoring mem-

brane of the stem. This makes it sufficient to use a single anchoring stem.

Preparation of the tibial plateau. The medial or lateral surface of the tibial plateau is re-
sected at right angles to the tibial axis, giving the cut surface a 5° downslope from anterior
to posterior to facilitate knee flexion. For this purpose we used a special drill guide placed
against the long anterior tibial margin (Fig. 5). The top of the guide is fitted with a trans-
verse plate that has a 5° posterior downslope and multiple openings for 2-mm Kirschner
wires. Two of the wires, spaced 1.5-2 cm apart, are drilled in so that they are just beneath

the plateau surface or barely exposed. These K-wires serve as guidewires for the oscillat-

ing saw, providing a resection that largely spares the subchondral bone plate.

Fig. 5



The half-moon-shaped polyethylene plateau should just cover the bony tibial plateau,
extending precisely to its edge but not past it. The component was available in three
lengths: 45, 49 and 53 mm. The runners for the femoral component were available in two

lengths, which differ only in the length of the anterior tip.

Trial prostheses and motion testing. Generally the goal of the arthroplasty is to correct
varus or valgus deformity of the leg, restoring limb alignment to a physiologic 6° valgus po-
sition or directing the mechanical limb axis through the center of the knee joint. With the
sled temporarily placed on the femur, we use a trial plateau placed beneath the sled and
extend the knee to test the quality of axial correction against the tension of the collateral
and cruciate ligaments. Normally the ligaments maintain approximately equal tension in all
positions through the range of knee motion. If extension is limited, it can be improved ei-
ther by using a thinner tibial component or by resecting some additional bone from the op-
posing anterior surface of the femoral condyle. If flexion is limited or difficult, more bone
can be removed from the posterior surface of the condyle and the prosthesis shifted to a
somewhat more anterior position. If the knee joint shows increased terminal rotation in ex-
tension with external rotation of the tibia, the lateral artificial tibial plateau should be rotated
slightly inward toward the anterior eminence. In cases where we were unable to achieve
perfect correction of the limb axis, we have accepted small deviations of a few degrees or
performed a bicompartmental arthroplasty, resecting some additional bone from the lateral
femoral condyle to correct for varus angulation. We do not release the collateral ligaments.
Using polyethylene plateaus in 1-mm thickness increments, we can achieve acceptable
angular correction without placing too much tension on the medial collateral ligament be-

cause it causes pain. At the lateral ligament there are no such problems.

Cementing technique. When the size and placement of the components have been de-
termined, a 4-mm-wide groove is made in the tibial plateau with a straight-edge gouge to
create a channel for the anchoring tab of the tibial component. Initially the tab was at the
center of the plateau. Later we moved the tab to the edge of the intercondylar eminence,
where we open the cancellous bone anyway when leveling off the plateau. Based on the
results of this study, we moved the tab back to the center, where the greatest loads occur.
Additionally, several 2- to 2.5-mm anchoring holes for the bone cement are drilled into the
tibial plateau and condyle to reinforce the fixation. The femoral and tibial components

should be cemented into place separately. Pressure is placed on the tibial component with



a special broad spatula until the component is solidly in place. This appears to be especial-

ly important with thinner plateaus.

Additional measures. In patients with flexion contractures, the articular surface of the tib-
ial plateau often shows an excessive posterior downslope, sometimes on both sides. Sub-
stance must be removed anteriorly to obtain a horizontal placement of the tibial component
and permit full extension of the knee. Following the correction of genu varum or valgum,
the previously stretched collateral ligament becomes even more lax. This is relatively
unimportant on the lateral side. But a lax medial collateral ligament following the correction
of genu valgum should be retightened by advancing its bony attachment on the femur.
Bony prominences on the articular margins that might abrade the collateral ligaments
should be removed along with spurs projecting into the intercondylar notch that damage
the anterior cruciate ligament. There have also been a number of cases where we found it
necessary to tailor the patella. We trimmed the overhanging lateral edge of the patella to
give her a V-shape. (Fig. 6). In these patients the tibial tuberosity with the tendon of the
patella is lateralized and we have to advance it medially. This was seen in patients with de-
creased acetabular and femoral anteversion (Ténnis, Heinecke1999). The tibial tuberosity
can also be transposed 0.5-1 cm proximally to relieve excessive pressure. By using these

techniques, we have been able to avoid completely the use of patellar implants.

Fig. 6
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Pictures of the operative technique.

In Fig.7-8 and 9-10 a genu varum is corrected by an unicompartmental prosthesis. In Fig.
11-12 a bicompartmental arthroplasty was necessary to correct the varus deformity. In
Fig.13-14 and 15-16 a moderate and a severe dislocation of the knee were reduced with
bicompartmental arthroplasties and achieved an almost normal axis. Fig. 17-18 and 19-20
show a moderate and a severe genu valgum, both corrected by our unicompartmental
sledge prosthesis. The lateral collateral ligament almost always can be stretched without

difficulties.

Fig. 7 Fig. 8
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Fig. 9

Fig. 10

Fig. 11

Fig. 12



Fig. 13

Fig. 15

Fig. 14

Fig. 16
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Fig. 17

Fig. 19
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13



14

First clinical material

We first reexamined patients who had been operated between 1974 and 1985. The clinical
material consisted of 424 joints that had been treated with sled prostheses. We personally
reexamined 280 patients, and we reviewed 79 from their files; 65 were unavailable for fol-
low-up. Thus, we were able to evaluate 359 arthroplasties (84.7%) after periods of 1 to 11
years, including 19 Marmor prostheses after 10 to 11 years. 227 prostheses had been im-
planted medially, 32 laterally, and 100 in both compartments, for a total of 309 patients. 39
prostheses were of the first modular type designed by Marmor (1973), and 315 were the
Tonnis type of sled prosthesis (1979). Five joints had a Marmor femoral component com-
bined with a Tonnis tibial component.

The age at operation was between 36 and 89 years, with an average of 69 years. The
severity of osteoarthritis was graded according to joint-space wear using the Ahlback
(1968) scale (Table 1).

(Tab. 1) Grades of osteoarthritis of the knee with corresponding amount of wear-off
(Ahlback, modified by Tjérnstrand et al. 1981)
Criteria Number of Joints %
1 Narrowing of jointspace 67 18.7
2 Obliteration of joint space 57 15.9
3 Minor bone attrition 31 8.6
4 Moderate bone attrition 111 31.0
5 Major bone attrition, subluxation 9 25.3
Not mentioned 2 0.6
Results

Pain. 37.9% of the joints were free of pain at follow-up, 37.6% had occasional mild pain,
13.1% had moderate initial pain on walking, and 11.4% had severe pain. The pain was lo-
calized to the medial joint space in 27.8% of cases, the lateral joint space in 13.3%, and

the patella and its tendinous attachments in 21.2%.

Walking ability. Walking ability was significantly improved. It was unlimited in 46.6% of the
cases. The rest showed varying degrees of limitation, but this was due mostly to pain in

other joints.

Range of motion. By the time of follow-up, the average range of knee motion had im-

proved from 7.6 of extension loss to 2.6, and from 100.6 to 107.4 of flexion.
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Cruciate and collateral ligament strength. The strength of the collateral ligaments, eval-
uated by the graded stress testing of medial and lateral joint-space opening immediately
after the operation, was significantly increased by the axial correction. Collateral ligament
strength decreased slightly over time in joints that were found to have no or only 5° of me-
dial opening, but the joints with greater preoperative opening showed significant, lasting
improvement. Unlike some other authors, we found no collateral ligament laxity as a result
of the operation. Seven percent of the knee joints showed varying degrees of anterior
drawer laxity before the operation. After the operation, only 2.4% of the joints showed the

mildest grade of 0.5 cm.

Axial correction. Full-length standing leg radiographs were taken before the operation.
The follow-up films consisted of long knee-joint views covering a length of 60 cm. The re-
sults in angles are shown in Figs. 21 through 26. Valgus angles were corrected to normal
values in almost all cases. The correction of genu varum, unfortunately, is often opposed
by a stiff medial collateral ligament. Also, initially we did not have all tibial plateau compo-
nents available in 1-mm thickness increments. So while we were able to correct more se-
vere degrees of genu varum deviating as much as 27° from the normal 6° valgus, there
were significant numbers of patients who were at the 5° level of varus deviation after the
operation. Greater deviation was present only in isolated cases. The favorable results were
due in large part to the greater varus correction options that are available with the bicom-

partmental arthroplasty.
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Preoperative and postoperative subluxation. Varying degrees of subluxation of the fe-
mur were found preoperatively in lateral direction in 0 % (n=66) and in medial direction in
16 % (n=56), (Figs. 13 and 15). Postoperatively only nine of these joints had a subluxation

up to 5 mm and one of 5mm up to 1/3 the width of the femoral condyle.

Subjective result. 67.8% of the patients rated the result of the operation as "very good,"
16.5% said they were "reasonably satisfied," 7.7% said the result was "fair" and they were
"not entirely satisfied," and 8.0% rated the result as "poor." Nevertheless, 92.6% believed

that the decision to have the operation was correct.

Survival curves. Pain following arthroplasty can have various causes. Overloading of the
medial tibial plateau after an inadequate axial correction or complete resection of the sub-
chondral bone plate and trabecular bone layers leads to the appearance of a broad radi-
olucent line below the tibial component. If the width of this line reaches 2 mm and encom-
passes the whole undersurface of the polyethylene plateau including the anchoring tab,
and if the knee is painful on weight-bearing, we assume that prosthetic loosening has oc-
curred. Kaplan and Meier (1958) introduced the "survival curve" to indicate the success of

a prosthesis.
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The end point may occur due to exchange of the tibial component (Fig. 27) or if there is no
prospect for successfully inserting a new tibial plateau and it is necessary to resort to a to-

tal knee replacement or arthrodesis (Fig. 28).
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In revision cases that required recementing of the tibial plateau, the survival curve fell to
just slightly below 90% by the 11th postoperative year. In cases that were changed to a to-
tal arthroplasty or arthrodesis, it remained just slightly above 90%. Presumably this can be
considered a good result. It is noteworthy that almost all exchange operations were per-
formed during the first 3--4 years. In patients with rheumatoid arthritis or aggressive syn-
ovitis 31.3% of the implants, including the sledges, were overgrown and loosened. This did
not occur in other patients. Initially, other exchange operations were necessary at an early
stage due to technical deficiencies, especially in the patients with Marmor prostheses and
a deficient tibial plateau. The revision rate for the Marmor prostheses was 14.6%, com-
pared with 6.3% for our own implants. Taking into account prostheses that are loose by our
definition (see above) but have not yet been revised, the rate of successful (nonloosened)

sled prostheses in the 11th postoperative year is 82.1%.

Success Depends on Various Factors

Ouir criteria for failure were a postoperative recurrence of pain, a significant radiolucent line
below the plateau component, and the need for reoperation. We investigated these three

criteria to determine their dependence on various factors.

Thickness of the tibial component. All of the Marmor prostheses had an initial plateau
thickness of 6 mm. The thickness of the Tonnis prosthesis was 4--6 mm in 63.5% of cases

and 4--7 mm in 85.1% of cases for both the medial and lateral compartments.

In Table 2, a plateau thickness of 4 mm is associated with a reoperation rate of
24.1%, compared with 11-16% for the 5, 7 and 8-9 mm plateaus and 28.0% for the 10-17
mm plateaus. The 6 mm group as a whole shows a higher loosening rate (28.2%) due to
the high percentage of 6 mm Marmor plateaus in that group and is excluded from statisti-
cal analysis. When the thin 4 mm plateaus in Table 3 are compared with the overall rates
for the 5, 7 and 8-9 mm plateaus, a statistically significant difference is found in the chi-
square test. When they are compared with the thickest 10-17 mm plateaus, the chi-square
test also shows a p value less than 0.05%, but the number of 10-17 mm plateaus is actual-

ly too low for a statistically valid comparison.
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We also determined confidence intervals, therefore. The curves for the 4 mm and 10-17
mm plateaus do show different peaks for the 5, 7 and 8-9 mm groups, but their bases
show slightly too much overlap. It is noteworthy, however, that the distribution ranges of
the 5 and 7 mm plateaus do not differ from those of the 8 and 9 mm plateaus. This is inter-
esting when we consider current recommendations that tibial components thinner than 8-9
mm should not be used. The confidence limit was 0.95. The fact that plateau thicknesses
of 10--17 mm were associated with the highest loosening rate of 28% supports our belief
that tibial components should not be cemented to cancellous bone. Further studies are

needed with larger case numbers in order to confirm this, however.

(Tab. 2) Correlation between reoperation and the height of the tibial polyethylene plateau
Height (mm) 4 5 6 7 8-9 10-17
Reoperations necessary (%) |24.1 11.6 - 16.1 12.3 28.0

n= 72 86 (39) 62 57 25

(Tab. 3) Reoperation rates associated with different degrees of varus angulation
of unicompartmental prostheses (6° valgus= normal)

Varusposition in radiography | 0-3° % 4-6° % 7°and more | %
No reoperation 78 83.0 85 825 33 66.0
Reoperation 16 17.0 18 17.5 17 34.0

Degree of axial correction. Table 3 shows a significant increase in loosening and reoper-
ation rates associated with different degrees of postoperative varus. This increase be-
comes significant at 7° or more of deviation from the normal value of 6° valgus, doubling
to 34% (chi-square test = 0.033).

There is only about a 5% overlap between groups 1 + 2 and group 3 with 7° or more of
varus, and the confidence limit is 0.95, indicating that the rate of loosening and reoperation
increases significantly when there is 7° or more of varus deviation from the normal position

of 6° valgus.

The inverse correlation is also interesting. In cases where varus deformity was corrected
by more than 10°, the patients no longer had moderate or severe pain, and the reoperation
rate was only 4.6%. The case numbers were too small, however, to be statistically signifi-

cant. The same relationship was found for valgus corrections.
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Complication rates of medial, lateral, and bicompartmental prostheses. Table 4

shows that bicompartmental arthroplasty led to complete relief of pain more often (42.9%

of cases) than unicompartmental medial arthroplasty (35.8%). But in degree 2 of pain the

medial arthroplasty shows a higher percentage than the bicompartmental (39.9% to 33.7).

The reoperation rate was lowest, at 9.4%, for lateral sleds (Table 5). The rate for bicom-

partmental sleds was 2% lower, at 20.4%, than the rate for medial sleds.

(Tab. 4) Degrees of pain associated with uni- and bicompartmental prostheses

Compartment medial % lateral % bilateral | %
n= 221 32 98

Free of pain 79 35.8 12 37.5 42 42.9
Pain at beginning of walking |88 39.8 11 34.4 33 33.7
Moderate pain 33 14.9 6 18.7 7 71
Severe pain 21 9.5 3 9.4 16 16.36
Not mentioned 6 2

(Tab. 5) Reoperation rates for unicompartmental arthroplasties

Compartment medial % lateral % bilateral | %
n= 223 32 98

No reoperation 173 77.6 29 90.6 78 79.6
Reoperation 50 22.4 3 9.4 20 20.4
Not mentioned 4 2

While some authors reported a more frequent need for subsequent surgery on the con-

tralateral joint space, we had only five such cases in a series of 259 unicompartmental

arthroplasties: two on the medial side and three on the lateral side. Primary bicompartmen-

tal arthroplasty was performed in 100 joints.

Additional results. It was noted at operation whether the anterior cruciate ligament

showed moderate or severe fraying or was completely absent. Absence of the anterior cru-

ciate ligament did not adversely affect the outcome, and apparently it is sufficient to stabi-

lize the collateral ligaments in older patients. Faulty positioning of the tibial plateau and

sled runner by up to 10° of deviation had no adverse effects, nor did overweight in cases

where it was present.
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The reoperation rate in patients with postoperative stable collateral ligaments was 18.6%.
If the joint space showed 6-10° of varus-valgus opening, the reoperation rate increased to
28.6°. Tibial plateaus in sledges with a longer anterior runner loosened 7.1% more often
than sleds with the shorter runner in the Tonnis model and 8.5% more in the Marmor pros-
thesis. The reoperation rate in patients with rheumatoid arthritis and other forms of aggres-
sive synovitis was 31.3%, versus 16.5% in patients with idiopathic osteoarthritis of the
knee. A 2-mm radiolucent line was present in 23.3% of patients in the first group, but in
only 4.6% of the second group. Therefore we excluded this group of patients later from

unicompartmental arthroplasties.

Initially the anchoring tab at the bottom of the tibial component was placed at the center of
the plateau and thus at the center of the load-bearing area. Five of these knee joints were
available for follow-up. The tibial components showed no loosening and no radiolucent
line, whereas the plateaus with a medial tab (Fig. 3) allowed a springy motion of the lateral
part of the disk and were more often associated with a 1-mm radiolucent line. This prompt-
ed us to change back to a central tab, and we have had very good results with this design
over the years. Having the tibial components available in 1-mm thickness increments is im-
portant for achieving maximum axial correction without overstretching the collateral liga-

ment.

Later reinvestigations of our type of prosthesis

Buckup et al. (2001) from our center later conducted a longer-term follow-up study on a
single type of implant: the Tonnis medial sled prosthesis. Of the 90 medial prostheses im-
planted in 1984, 47 (74.6%) were available for follow-up. Twenty-seven patients had died,
two could not be located, and 14 did not present for follow-up. The average age at opera-
tion was 66.4 years, and the age at follow-up averaged 78.0 years. The follow-up period
ranged from 10.8 to 12.7 years, with an average of 11.5 years. The revision rate was
14.9%. Only one case had to be revised to a total knee arthroplasty. Thus the survival rate
of the implants, including loose medial implants not yet revised, was 82.1% after 11.5
years. This rate is consistent with the survival curve of the Swedish collective statistics for
unicompartmental prostheses (Lindstrand et al. 1991). This series did not include rheuma-

toid patients.
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Later 22 patients of 25 (88.5%) with a lateral prosthesis were reinvestigted after 12
years (Buckup 2005). The height of the tibial plateau ranged from 6 mm (n=8), 7 mm
(n=5), 8 mm (n=5) to 11 mm (n=4). Reoperations have not been necessary and significant
radiolucent lines of 2 mm were not found. 10 patients rated the result as “very good”, 3 as

“good”, one as "fair” and one as “poor””.

Kisslinger et al. (2001) applied the same principle of preserving the subchondral
bone plate and using a thinner polyethylene plateau combined with a sled prosthesis. Ini-
tially they also used the St. Georg sledge and Endo 2 model before changing to the Ténnis
prosthesis. Wessinghage made some additional modifications to the device (1990, 1991).
A total of 261 unicompartmental knee arthroplasties (98.5%) were evaluated in 229 pa-
tients. Survival with aseptic failure as the endpoint was 84.9% after 10 years and 74.4%
after 20 years. The 10-year survival rate in this series almost precisely matches the rate at
our center. Tibial components with a thickness of 6 mm were used in 47.1% (n = 123) of
the joints, components 7 mm thick in 25.6% (n = 67), and components thicker than 7 mm

in 20.3% (n = 63). Information was missing in 8 joints (3.1%).

Discussion

Based on our experience, we do not agree with rejecting the use of sledge prostheses or
limiting their use exclusively to medial osteoarthritis or moderate grades of osteoarthritis.
Over time, in fact, we have come to treat increasingly severe grades of osteoarthritis with
unicompartmental prostheses and with bicompartmental replacements instead of a total

prostheses, partially with involving release of the tibial tuberosity (Fig. 29-33)



Fig. 31

Fig. 30

Fig. 32

25



26

Fig. 33

Regarding the wear of our prostheses, we note that despite the gentle curve of the articu-
lar surface of the sled runner, the runner naturally only makes point contact with the op-
posing polyethylene plateau. As wear occurs, the contact area between the components
increases. But our survival curves demonstrate, that our tibial plateaus undergo very little
change over a long period of time. Of course, most of our patients were elderly, and it is
conceivable that greater wear will occur in younger individuals. But our implantation tech-
nique leaves open the option of exchanging the plateau since it requires very little resec-

tion of the subchondral bone.
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Advantages of the Prosthesis and Technique

1.

This arthroplasty largely preserves the knee joint including all its ligaments and the
proprioceptive endings in the ligaments and infrapatellar fat pad. Furthermore, the
patella has only little contact to the metal of the sledges compared to total knee arthro-

plasties.

. The use of thinner components preserves the weight-bearing surfaces of the femoral

condyles and tibial plateau. This reduces the risk of loosening. Fractures of the metal
sledge have not been observed, and deformation of the tibial polyethylene plateau has
generally been seen only in the early Marmor tibial components that did not have an

anchoring tab.

If loosening occurs, it is usually possible to replace and recement the component with-

out converting to a total knee arthroplasty.

. Bicompartmental arthroplasty can be done for more severe grades of bilateral os-

teoarthritis and axial deformities and yields good results. We had only five cases in
359 unicompartmental arthroplasties that required subsequent treatment of the con-

tralateral joint space.

Osteoarthritis treatment does not require the use of patellar implants. Complaints relat-
ing to a lateralized patella can be adequately managed by V-shaped trimming of a de-

formed patella and by medial advancement of the tibial tuberosity.

Tibial plateau heights in 1-mm increments allow for gentle stretching of the collateral

ligaments for axial limb correction and avoids overstretching.

The posterior surface of the femoral condyle can be trimmed to relieve excessive ten-
sion on the extensor muscles. This avoids patellar tendinopathy and limitation of flex-

ion.
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