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ABSTRACT

Purpose: The important roles of the anterior cruciate ligament regarding knee stability, physiologic kinematics, and pro-
prioception are unquestioned. Thus, various efforts have been made to retain the ACL during total knee arthroplasty (TKA).
Neither of the existing solutions to this problem, i.e. bicruciate retaining prostheses and implantation of two unicondylar
prostheses, has been successful because of concept-specific problems as well as general difficulties with implant fixation.
The new transversal support tibial plateau concept is a prosthesis of two individual joint surfaces reinforced beneath the
articular line by joint surface supports and buttressed by a single transversal support. This configuration, which enables
retention of both cruciate ligaments, should provide good bone fixation and ensure long-term alignment of the individual
joint surfaces.

Methods: In the current study, four prototypes based on this novel concept were developed and the resulting primary stabil-
ity was analyzed using adapted load testing.

The test set-up, with the model-loading of specially prepared Sawbones® and a sinusoidal oscillating load transmission with
25 000 cycles over 10 increasing load levels, achieved subsidence, which enabled comparison of the four different model
variants regarding primary stability in view of bone anchoring.

Results: The model variant (TS_ . ) that allowed transverse glide of the joint surface supports along the transversal support
revealed the largest subsidence.

Conclusions: A rigid attachment of the joint surface supports of the transversal support tibial plateau thus appears to offer
increased primary stability regarding bone anchoring.

Key words: Cruciate retaining, Primary stability, Total knee arthroplasty, Transversal support tibial plateau

Accepted: February 2, 2012

INTRODUCTION vation of the cruciate ligaments, i.e. bicruciate retaining

(BCR), posterior cruciate retaining (PCR), and posterior

Artificial knee replacement with endoprosthesis has
been established now for several decades. In the coming
decades, the number of implantations will increase rap-
idly (1,2).

Depending on the severity and extent of the arthritic
changes, as well as the ligament stability of the knee to
be treated, different prosthetic types are selected, i.e.,
unicondylar or bicondylar knee arthroplasty, which can
be further broken down into non-constrained, (semi)con-
strained and fully constrained (hinge) designs.

For the commonly performed total knee arthroplasty
(TKA), bicondylar prostheses are generally used as pri-
mary treatment. There are multiple designs from which to
choose, which are further classified according to preser-

cruciate sacrificing (PCS).

Although the important role of the anterior cruciate
ligament (ACL) regarding knee stability, physiologic kine-
matics, and proprioception is well recognized, to date no
bicruciate-retaining prosthesis has achieved general ac-
ceptance (3).

Numerous studies (4-9) have shown that after artificial
knee replacement with the popular posterior cruciate re-
taining (PCR) prosthesis, non-physiologic knee kinematics
prevail. Using computer-assisted fluoroscopy to perform
in vivo measurements, Dennis et al. (10) found that knees
with PCR prostheses perform similarly to non-replaced
knees with (ACL) insufficiency.

A further consideration in the selection of knee
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Fig. 1 - The stages of development in the 1970s, according to Buechel
and Pappas (30), modified (3):

a) Congruency without mobility leads to increased risk of loosening,

b) Mobility without congruency causes increased abrasion,

¢) Mobility with congruency can unite both favorable properties: de-
creased shearing forces by reduced contact stress.

prostheses is component fixation. Although the femoral
component of bicondylar knee prostheses has remained
problem-free from the beginning regarding long-term fixa-
tion, the tibial plateau fixation concept has required mul-
tiple adaptations. This is because of the shearing forces
in highly congruent designs, which lead to premature
aseptic loosening of the tibial component (Fig. 1a). At this
point, two paradigms are well established: less congruent
designs with fixed inlays (Fig. 1b), and highly congruent
mobile bearing inlays (Fig. 1c).

The first type shows increased inlay abrasion because
of the high point pressures in surface contact. However,
the use of mobile inlays decreases stability (3). Thus, vari-
ous guides or stops are generally used to limit mobility,
which in turn also increase shearing forces (11).

In conventional designs, fixation of the prosthetic
components into the proximal tibia is frequently support-
ed by a central axial stem, either cone-shaped or another
geometric form (Fig. 2). However, this design does not al-
low retention of both cruciate ligaments. With ACL reten-
tion, the joint cannot be opened wide enough intra-oper-
atively to allow insertion of a stem of customary length. In
addition, the attachment of the ACL in the anterior inter-
condylar area cannot be maintained with this technique.

In the past, two different approaches have primarily
been implemented to retain the ACL during TKA:

One solution was the use of a modified PCR prosthe-
sis, in which the recess for the PCL was extended anteri-
orly (Fig. 3a). Because of the enlarged recess, the implant
bridge anteriorly across the tibial plateau is relatively nar-
row. Implant failure can result from the torsion loading in

Fig. 2 - Example for a tibial plateau with central stem to support the fixa-
tion. Reprinted by courtesy of balanSys™, “Mathys AG Bettlach.

this region (3). In addition, the short anchoring elements
cannot prevent increased implant loosening. Fixation is
not as good as that in traditional PCR prostheses, because
of the lack of a central stem (12).

Another solution used for ACL retention was the im-
plantation of two unicondylar knee prostheses. This pro-
cedure was reported already in 1984 by Goodfellow and
O’Connor (13). Previous studies have reported worse out-
comes for the lateral unicondylar implant versus the me-
dial implant (14). For example, bearing dislocation in par-
ticular was greater in the lateral than in the medial com-
partment using the Oxford Unicompartmental Knee (15).

Unicondylar components are also difficult to fixate
and orientate. In the long-term, varying subsidence by the
separate compartments can also be a problem. Even when
optimal alignment of both plateaus is attained intra-oper-
atively, implant subsidence can lead to asymmetry of the
joint surface levels and misalignment of the components
(Fig. 3b). Such unfavorable loading can lead to increased
wear and excessive erosion (Fig. 3¢).

In recent years, the implantation of two unicondylar
knee prostheses has again been increasingly performed
(16-18).

These considerations prompted us to develop the
transversal support tibial plateau (TSTP) concept (3, 11).
Essentially, the TSTP consists of two individual joint sur-
faces (JS) reinforced beneath the joint line by joint surface
supports (JSS) and buttressed by a single transversal sup-
port (TS) (Fig. 4).

This configuration should provide good bone fixation
especially for the TS, and ensure long-term alignment of
the individual joint surfaces.

Because this is a new treatment concept in the field
of tibial plateau fixation, there is no evidence currently
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Fig. 3 - Current approaches to retain both cruciate ligaments in total knee
arthroplasty:

a) LCS® Bicruciate Retaining Prosthesis as an example of a PCR prosthesis
derivative: fixation is not as good as in traditional PCR prostheses because
of the lack of a central stem. Only short anchoring wings can be used.

b) Radiograph of a knee treated with two unicondylar knee prostheses:
even when optimal alignment of both plateaus is attained intra-opera-
tively, implant subsidence can lead to asymmetry of the joint surface lev-
els and misalignment of the components. Such unfavorable loading and
wear can lead to increased PE abrasion.

¢ Explant from Fig. 3b: the medial PE inlay was completely eroded after
only six years and revision arthroplasty was required (3).

Reprinted by courtesy of the Medical Literary Publication Society
(Medizinisch Literarische Verlagsgesellschaft mbH), Uelzen, Germany.

available regarding primary stability. In addition, be-
cause this remains a mere treatment concept, a defini-
tive design has not yet been established. The current
study then examines the primary stability of four dif-
ferent prototypes designed using the principle of two
individual joint surfaces supported as one beneath the
articular plane.

MATERIALS AND METHODS

Initially, four different prototypes of the TSTP concept
were developed, and corresponding models produced for
implantation.

Model 1 (TS, , , Fig. 5a): This version most closely
resembles the original illustrative model (Fig. 4). Both in-
dividual joint surfaces (JS) are screwed to the joint surface
supports (JSS) so that they are form-fitting and rotationally

Fig. 4 - The transversal support tibial plateau consists of two joint surfaces
()S), reinforced beneath the joint line by two joint surface supports (JSS)
and buttressed by a single transversal support (TS) (3).

Reprinted by courtesy of the Medical Literary Publication Society
(Medizinisch Literarische Verlagsgesellschaft mbH), Uelzen, Germany.

stable. The JSS are set at an angle of 60°, simplifying the
intra-operative drilling technique. Fixation to the transver-
sal support (TS) is performed by a single secured screw
coupling.

Model 2 (TS, ,., Fig. 5b): As in model 1, the two JS
are connected to the JSS with screw couplings. In contrast,
however, the TS fits into the JSS with a keyed design as-
sembly not fixed in the transverse axis, thus allowing rela-
tive movement of the individual JSS.

Model 3 (VS , Fig. 5¢): The attachments of both JS
to the JSS are screw couplings, as for model 1. However,
through the distally extended ]SS they form a V-shaped
(VS) framework with an angle of 50°. The two JSS are inter-
twined and secured with the TS, which has been reduced
to a small screw. As for model 2, there is no additional
cortical support for this region.

Model 4 (VS . ., Fig. 5d): This model is principally
an analog of model 3; however, in this version the TS is
completely discarded, and the original support concept
is reduced to the direct connection of the two JSS, a V-
shaped (VS) framework.

The four prototypes were initially drafted using com-
puter-aided design (CAD, CATIA V5, Dassault Systemes,
Vélizy-Villacoublay, France). Next, the models were pro-
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A TSfixed
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Fig. 5 - Different prototypes of the TSTP concept:
a) Model 1 (TS, ): Both individual joint surfaces (JS) are screwed to the

fixe

joint surface supports (JSS) so that they are form-fitting and rotationally
stable. Fixation to the transversal support (TS) is performed by a single
secured screw coupling.

b) Model 2 (TS ): In this model, the TS fits into the JSS with a keyed

mobile

design assembly that is not fixed in the transverse axis, thus allowing rela-
tive movement of the individual JSS.
c) Model 3 (VS ): Here the distally extended JSS forms a V-shaped

lus

framework stabilized over a reduced TS.
d) Model 4 (VS J): This is an analog of the VS

design; however, the
lus 4 4
TS is completely excluded. !

duced using a CNC milling machine (Deckel DMU50,
DECKEL MAHO Pfronten GmbH, Pfronten, Germany)
and a CNC turning machine (Benzinger TNC, Carl
Benzinger GmbH, Pforzheim, Germany). A typical im-
plant alloy of CoCr29Mo was selected as material.

For stability testing, the uncemented models were
implanted into synthetic bone (Sawbones®) using spe-
cially manufactured targeting and insertion devices
(Fig. 6). We deliberately chose a synthetic material to
eliminate compounding variables, e.g. varying bone
quality in cadaver specimens or animal models. The
synthetic bone specimens chosen were large left fourth
generation composite tibiae. Particular rigidity and pore
density parameters of the synthetic cancellous bone
can be selected. For example, density properties of the
cancellous elements range from 6.25 - 62.5 pounds per
cubic foot (pcf) or 100 — 1000 kg/m3. Since bone qual-
ity in patients is often already diminished by the time
TKA is indicated, synthetic cancellous bone with corre-
spondingly reduced density of 12.5 pcf with large pores
was selected to simulate realistic conditions.

During preliminary testing, the hard synthetic bone
surrounding the tibial resection plane did not allow

Fig. 6 - Insertion and targeting devices for consistent implantation of the
prototypes into synthetic bone:

a) Cutting guide for selective preparation of the proximal tibia,

b) Targeting device for correctly aligned implantation of the JSS and the TS.

Fig. 7 - Test Set-Up: sinusoidal load application with a four-columned
dynamic test machine (Dyna-Mess, Stolberg, Germany). A special control
device was used to distribute axial force over a conventional femoral
component (e.motion® size F7, Aesculap AG, Tuttlingen, Germany) and
the fitted inlays. To measure the relative motion between the JS and the
bone, an ultrasound-based 3D motion analysis system (CMS20BI, Zebris,
Isny, Germany) was used.

relevant positional motion. Therefore, the Sawbones®
were specially prepared by grinding the cortex in the
tibial plateau resection plane area. The test set-up (Fig.
7) for cyclical load application of the components was
assembled using the standard ASTM F1800-07 (19)
and ISO 14879-1 (20) with a corresponding load ratio
F ./F.. of 1:10 (Tab. I). The sinusoidal load, with a
cycle duration of one second, was applied using a four
column dynamic test machine (Dyna-Mess, Stolberg,
Germany). A special control device was used to dis-
tribute the axial force over a conventional bicondylar
femoral component (e.motion® size F7, Aesculap AG,
Tuttlingen, Germany) and the corresponding inlays in
a proportion of 60%/40% between medial and lateral
as suggested by Zhao et al. (21), as well as a deflec-
tion of the point transmission of force to a proportion
of 70%/30% towards posterior as suggested by Jong et
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TABLE I - TEST SETUP

. Sawbones®, Cellular Rigid Polyurethane Foam
Synthetic bone 12.5 pcf Density

Four-columned dynamic test machine (10 kN),
Dyna-Mess, Stolberg, Germany

Eccentric load: 60% medial, 40% der lateral,
point transmission of force 70/30 posterior

Impulse generator

Load transmission

Sinusoidal oscillation, Fmin/Fmax = 1:10; cycle

Load application duration 1 s

Load level Fmin 90 N =360 N; Fmax 900 N — 3600 N

Load step-up Fmin 30 N; Fmax 300 N

Number of load levels 10

Number of cycles 2500 cycles per load level, total 25 000 cycles

Measuring system Ultrasound-based 3D motion analysis system
g5y CMS20BI, Zebris, Isny, Germany

Recording mode each 50" cycle, duration 2 s

Sample rate 25 Hz

al. (22). A total of ten measurements were performed.
Initial measurements had a starting load level of F_ =
90 N and F__ =900 N. The subsequent nine measure-
ments proceeded with gradual increases, concluding
with a maximal load level of Fmin 360 N and Fmax
3600 N.

An ultrasound-based 3D motion analysis system
(CMS20BI, Zebris, Isny, Germany) was used to deter-
mine the relative motion between the JS and the bone.
To accomplish this, a specially manufactured mount-
ing device was necessary to attach the probe to the JS
(Fig. 8). To assess the relative movements of the JS, two
moving points (MP) were defined as measuring points
anteriorly and posteriorly on the tibial plateau, and
the positional changes compared to reference points
in the synthetic bone and analyzed. Recordings were
taken each 50" cycle for two seconds with a sample
rate of 25 Hz. Three series of tests were performed for
each profile.

To estimate and test the effect of the model and the
moving point on subsidence, a linear regression model
was fit to the data.

Subsidence measures were transformed using the
natural logarithm to comply with the model assump-
tions. All comparisons were a-priory planned and tested
at the statistical significance level of P<0.05. Calcula-
tions were performed using the statistical software R, R
Development Core Team (23), version 2.10, R Founda-
tion for statistical Computing, Vienna, Austria (23).

Fig. 8 - Individual joint surface (JS) with mounting device to attach the
ultrasound probe.

s [mm]

r . .
—— elastic deformation

— subsidence

NS

“t[s]

Fig. 9 - Micromotion between implant and bone consists of subsidence
and elastic deformation. Subsidence was an irreversible change of implant
position and elastic deformation was fully reversible after unloading.

RESULTS

Micromotion between implant and bone consists of
two superimposed movement components, i.e., subsid-
ence and elastic deformation (Fig. 9). Subsidence is an ir-
reversible change in implant position, which remains after
unloading of the implant. Elastic deformation is evoked
through the cyclical loading, and is fully reversible on
removal of load. Within one load grade, with increasing
time, subsidence nears a constant level, whereas elastic
deformation continues with the same amplitude.

For each of the four models, three measurements of
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Fig. 10 - Summary of average values per prototype:
a) All endpoints of subsidence after the highest load level (F 360 N /
F. 3600 N),

b) Depiction of the summarized averages from anterior and posterior of
each JS.

1 JS subsidence was significantly larger for the variant TS

onie than for the
other three models (P<0.001).

subsidence were taken at each of the four moving points
(MP), resulting in a total of 48 measurements.

Subsidence tended to increase for all four different
models with increasing load levels, and the largest sub-

sidence was measured for each model at the highest load
level (F . 360 N/F__ 3600 N). Closer inspection of this
end state of subsidence follows. The largest measured av-
erage of each of the three test series was 4.8 mm (SD 0.7
mm) for the posterior medial MP of TS _ . , and the small-
est was 0.6 mm (SD 0.5 mm) for the anterior medial MP of
TS,,., (Fig. 10a). JS subsidence was apparent on the com-
bined anterior and posterior MP measurements (Fig. 10b).
With 3.6 mm (SD 1.5 mm) medially and 2.9 mm (SD 2.1
mm) laterally, JS subsidence was statistically significantly
larger for the TS_ = design concept than for the other
three models (P <0.001; Tab. II).

After calculation of the averages from all four MPs
(anterior medial, anterior lateral, posterior medial, and
posterior lateral), total implant subsidence could be ap-
proximated (Fig. 11a). Similar to the individual analysis,
with 3.2 mm (SD 1.8 mm), VariantTS__  subsided signifi-
cantly more than the other three models (P <0.001; Tab II).

Finally, the average subsidence was calculated for
each MP from all models (Fig. 11b). Here, the margin of
difference between the anterior and posterior MPs versus
that between the medial and lateral MPs was significantly
larger (P <0.001), as was direct contrast between the ante-
rior and posterior MPs (P <0.001); Table II.

Along with the measurements, additional findings
from the implantation procedure were:

S,.q: This design called for the TS alignment to be 35
mm beneath the joint line. Thus, drilling took place in the
tibial region that narrows considerably. This resulted in a
tendency for the drill to deviate from the desired course.

TS, .. After loading was finished, some extent of
bone fissuring was evident. This appeared to stem from
increased marginal cortical contact by the ]SS, which in
this prototype are constructed with a proportionately large
diameter.

VS, Long fixation, which could be implanted with
relatlvely little bone-sparing. The long JSS barely avoided
contact with the cortex of the narrowed tibia. Depend-
ing on the geometric configuration of the tibia, there is a
risk of perforation. Because of the additional tensioning of

TABLE Il - THE COLUMN “ESTIMATE” DENOTES THE ESTIMATED SUBSIDENCE ON THE LOGARITHMIC SCALE. THE COLUMN “95% CI” DENO-
TES THE 95% CONFIDENCE INTERVALS AND THE LAST COLUMN DENOTES THE P-VALUE. THE INTERCEPT CORRESPONDS TO THE
MEAN SUBSIDENCE ON THE LOGARITHMIC SCALE

Estimate 95% ClI P-value

(Intercept) 0.46 [0.34; 0.58] <0.001

Model: TSmobile - mean of Tsfixed, VSplus, VSstandard 0.73 [0.46; 1.0] <0.001

Model: TSfixed — mean of Vsplus, VSstandard -0.10 [-0.38; 0.19] 0.51

Model: VSplus - VSstandard 0.16 [-0.17; 0.49] 0.34

MP: (medial-lateral) — (anterior-posterior) 0.92 [0.59; 1.25] <0.001

MP: anterior - posterior -0.80 [-1.03; -0.57] <0.001

MP: posteromedial - posterolateral -0.07 [-0.39; 0.26] 0.70

6 © 2012 The Authors - elSSN 2280-8000



Nowakowski et al

Subsidence per Model

[mm]

TSfixed TSmobile VSplus VSstandard

Subsidence per Position of MPs

[mm]

medial lateral anterior

posterior

Fig. 11 - a) Total subsidence per implant.

t Variant TS_ . subsided significantly more than the other three models
(<.001).

b) Summary of the average values of the four different models by indi-
vidual MP.

t Margin of difference between anterior and posterior MPs compared to
that between medial and lateral is significantly larger (P<0.001).

# Direct contrast between anterior and posterior MPs is statistically sig-
nificant (P<0.001).

the JSS with the TS screw, there was some construction-
related tipping of both JS towards each other.
VS : Similar to VS, but without the JS tipping.

standard”

DISCUSSION

Most importantly, retention of the ACL in an endo-
prosthetically treated knee joint should achieve the fol-
lowing: increased stability, physiologic motion of the joint
with improved gait pattern, as well as improved proprio-

ception and balance. According to Buechel and Pappas
(24), abrasion is the limiting factor of long-term implant
survival, if fixation problems are avoided for the first 10 to
20 years. The gains in inherent stability of the endopros-
thetically treated knee joint because of the retained ACL
could preclude the need for restraint from mobile bear-
ing inlays, and allow higher congruence with less fettered
movement. In this way, shearing forces and contact point
pressures could be avoided. However, with advanced ar-
thritic changes, it may be that the ACL is so impaired as to
be insufficient.

Lee et al. (25) prospectively reviewed 107 consecu-
tive primary total knee arthroplasties performed over a
one-year period. In 41 knees (38%), the ACL was deficient
at the time of surgery. Only 12% of patients recalled an
event consistent with an ACL-type injury or prior history
of instability. For the remaining 26%, rupture of the ACL
occurred from a combination of attrition and encroach-
ment of the intercondylar notch by osteophytes, resulting
in impingement.

On the other hand, for cases where TKA is indicated,
some 60% of ACLs are usable, even when they are not
completely normal. In these times where we continually
strive to perform minimally invasive surgery (MIS), it is
difficult to imagine that the sacrifice of the ACL, gener-
ally recognized as a structure vital to knee biomechanics,
could accompany the designation “MIS-TKA.”

In a matched paired study, Confalonieri et al. (17)
found that retention of the ACL through implantation of
two unicondylar knee prostheses yielded shorter hospital-
izations as well as better post-operative functionality com-
pared to TKA. Compared to normal unilateral insertion of
unicondylar knee prostheses, implantation of two unicon-
dylar knee prostheses achieves the same good functional
outcomes (18).

However, in the long-term the problems of implant
fixation and alignment of the individual unicondylar
components remain. The fixation arrangement of the TS
beneath the joint surface in particular should offer both,
good primary stability as well as good osteointegration
and secondary stability because of the more constant
press-fit. This, along with a reduction of torsional load
when compared to an anterior interface (Fig. 3a), should
prevent material failure (3). The TSTP could achieve a
very good overlap of the three crucial mechanical fac-
tors, i.e., stability of the treated knee, secure fixation of
the prosthetic components, and high congruence of the
mobile bearing inlays.

In the current study, four different models were ana-
lyzed in the laboratory regarding primary stability. Clearly,
the use of synthetic instead of cadaveric bone is a limita-
tion of the study, as shown in the preliminary tests with the
too-hard cortex. On the other hand, regarding reproduc-
ibility and comparability of the models, the use of syn-
thetic bone is advantageous, since cadaveric specimens

© 2012 The Authors - elSSN 2280-8000 7
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have inter-individual bone quality differences. This is re-
flected by the results summarized in Figure 11b, show-
ing the primary applied load proportions with distribution
of 60%/40% medial to lateral and 70%/30% posterior
to anterior in the resultant subsidence of the MPs. One
can conclude that using this test set-up, with the model-
loading of specially prepared Sawbones® and a sinusoi-
dal oscillating load transmission of 25 000 cycles over 10
increasing load levels, subsidence does result and, thus,
comparisons can be made among the different model
types regarding primary stability. In comparison to force
and distribution measured in vivo (26-28), the force distri-
bution chosen in this study was extreme, i.e., a worst case
scenario. The extreme load distribution was reflected in
the significant margin of difference between the anterior
and posterior MPs versus that between medial and lateral,
as well as with significantly more subsidence posteriorly.

Implant subsidence was significantly greater for the
TS, .. versus the other three models, which showed com-
parable levels. The essential difference of TS_ = versus
the other models was the transverse movement allowed
along the TS. Thus, a rigid connection holding the JSS ap-
pears to provide increased primary stability in terms of
bone fixation of the TSTP.

The disadvantages of the V-shaped variants VS | and
VS,..a Were the relatively non-bone sparing implanta-
tion technique as well as perforation risk in the narrowed
region of the tibia. On the other hand, implantation of a
larger TS requires a small additional approach, which can
be performed either medially or laterally depending on
the interval of the TS to the jointline (29).

A further study should compare the primary stability
of the favored TS, _, model with that of conventional TKA
and bilateral unicondylar implants using the test assem-
bly detailed here. An additional study should examine the
geometry of the proximal tibia to determine the most fa-
vorable interval from the transversal support to the joint
surface.

The test assembly with the loading of specially pre-
pared Sawbones® with a sinusoidal oscillating load trans-

REFERENCES

1. Kurtz'S, Ong K, Lau E, Mowat F, Halpern M. Projections of
primary and revision hip and knee arthroplasty in the Unit-
ed States from 2005 to 2030. ) Bone Joint Surg Am 2007;
89: 780-5.

2. Robertsson O, Dunbar MJ, Knutson K, Lidgren L. Past incidence
and future demand for knee arthroplasty in Sweden: a report
from the Swedish Knee Arthroplasty Register regarding the ef-
fect of past and future population changes on the number of
arthroplasties performed. Acta Orthop Scand 2000; 71: 376-80.

mission of 25 000 cycles over 10 increasing load levels
was sufficient to achieve subsidence, allowing compari-
son of the four different TS models especially regarding
primary stability and thus bone fixation. Variant TS__
which permitted motion of the joint surface supports in
the transverse axis along the transversal support, revealed
the greatest subsidence. Thus, within the transversal sup-
port tibial plateau concept, a rigid junction connecting
the joint surface supports appears to provide increased
primary stability, i.e., better bone fixation.

ACKNOWLEDGEMENTS

The authors would like to acknowledge Mr. Roland Bottiger of
Aesculap AG, Research and Development, Tuttlingen, Germany
for the development of the different models.

We also wish to thank the collaborators of Clinical Trial Unit
CTU, University Hospital Basel, Switzerland: Thomas Zumbrunn
(MSc) and Thomas Fabbro (PhD) for supporting the statistical
analysis.

Financial support: This study was supported financially by
means of a contribution from the SGOT grant fund; however, the
SGOT (Swiss Society of Orthopedics and Traumatology) exerted
no influence on the study.

Conflict of interest: A patent application has been submitted by
the corresponding author for the TSTP concept, and a licensing
agreement exists with the company Aesculap AG. However, in
spite of the potential conflict of interest, the contribution is im-
partial and the product neutral, because to date the principle in-
troduced is based on experimental prototypes and has not been
transferred to a product.

Address for correspondence
Andrej M. Nowakowski
Orthopaedic Department
University of Basel
Spitalstrasse 21

4031 Basel, Switzerland
andrej.nowakowski@unibas.ch

3. Nowakowski AM. Das Transversaltrager-Tibiaplateau
(TTTP). Orthopédische Praxis 2006; 42: 419-28.

4. Bolanos AA, Colizza WA, McCann PD, et al. A comparison
of isokinetic strength testing and gait analysis in patients
with posterior cruciate-retaining and substituting knee ar-
throplasties. ] Arthroplasty 1998; 13: 906-15.

5.  FuchsS, Floren M, Skwara A, Tibesku CO. Quantitative gait
analysis in unconstrained total knee arthroplasty patients.
Int ) Rehabil Res 2002; 25: 65-70.

8 © 2012 The Authors - elSSN 2280-8000



Nowakowski et al

10.

11.

12.

13.

14.

15.

16.

17.

Ishii Y, Terajima K, Koga Y, Takahashi HE, Bechtold JE,
Gustilo RB. Gait analysis after total knee arthroplasty. Com-
parison of posterior cruciate retention and substitution. |
Orthop Sci 1998; 3: 310-7.

Lewandowski PJ, Askew MJ, Lin DF, Hurst FW, Melby A.
Kinematics of posterior cruciate ligament-retaining and
-sacrificing mobile bearing total knee arthroplasties. An in
vitro comparison of the New Jersey LCS meniscal bearing
and rotating platform prostheses. J Arthroplasty 1997; 12:
777-84.

Stiehl JB, Dennis DA, Komistek RD, Crane HS. In vivo de-
termination of condylar lift-off and screw-home in a mo-
bile-bearing total knee arthroplasty. ] Arthroplasty 1999;
14:293-9.

Stiehl JB, Komistek RD, Cloutier JM, Dennis DA. The cruci-
ate ligaments in total knee arthroplasty: a kinematic analy-
sis of 2 total knee arthroplasties. ] Arthroplasty 2000; 15:
545-50.

Dennis DA, Komistek RD, Hoff WA, Gabriel SM. In vivo
knee kinematics derived using an inverse perspective tech-
nique. Clin Orthop Relat Res 1996; 331: 107-17.
Nowakowski AM. Dynamische In-vitro-Kraft-, Bewegungs-
und Druckanalyse an beweglichen Meniskallagern unter-
schiedlicher Konzeption nach alloplastischem Kniegelen-
kersatz.  http://edok.bib.mh-hannover.de/ediss/diss-nowa-
kowski.pdf MD. Medical High School Hannover, Orthope-
dic Department; 2002.

Hamelynck K], Stiehl JB (Eds.). LCS® Mobile bearing Knee
Arthroplasty. 25 Years of worldwide experience: Springer-
Verlag Berlin Heidelberg New York; 2002.

Goodfellow JW, O’Connor J. Clinical results of the Oxford
knee. Surface arthroplasty of the tibiofemoral joint with a
meniscal bearing prosthesis. Clin Orthop Relat Res 1986;
205:21-42.

Sah AP, Scott RD. Lateral unicompartmental knee arthro-
plasty through a medial approach. Study with an aver-
age five-year follow-up. ] Bone Joint Surg Am 2007; 89:
1948-54.

Gunther TV, Murray DW, Miller R, et al. Lateral unicom-
partmental arthroplasty with the Oxford meniscal knee.
Knee 1996; 3: 33-9.

Banks SA, Fregly BJ, Boniforti F, Reinschmidt C, Romagnoli
S. Comparing in vivo kinematics of unicondylar and bi-uni-
condylar knee replacements. Knee Surg Sports Traumatol
Arthrosc 2005; 13: 551-6.

Confalonieri N, Manzotti A, Cerveri P, De Momi E. Bi-uni-
compartmental versus total knee arthroplasty: a matched
paired study with early clinical results. Arch Orthop Trauma
Surg 2009; 129: 1157-63.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Fuchs S, Tibesku CO, Frisse D, Genkinger M, Laass H,
Rosenbaum D. Clinical and functional comparison of uni-
and bicondylar sledge prostheses. Knee Surg Sports Trau-
matol Arthrosc 2005; 13: 197-202.

ASTM: Standard Test Method for Cyclic Fatigue Testing of
Metal Tibial Tray Components of Total Knee Joint Replace-
ments. In American Society of Testing and Materials Inter-
national (ASTM), vol. Standard F1800-07: ASTM Interna-
tional, West Conshohocken, PA; 2007, http://www.astm.
org

ISO: Implants for surgery - Total knee-joint prosthesis - Part
1: Determination of endurance properties of knee tibial
trays. In International Organization for Standardization
(1ISO), vol. ISO 14879-1:2000: ISO Central Secretariat, Ge-
neva, Switzerland; 2000, http://www.iso.org

Zhao D, Banks SA, D’Lima DD, Colwell CW, Jr., Fregly BJ.
In vivo medial and lateral tibial loads during dynamic and
high flexion activities. ] Orthop Res 2007; 25: 593-602.

de Jong R, Heesterbeek PJ, Wymenga AB. A new measure-
ment technique for the tibiofemoral contact point in nor-
mal knees and knees with TKR. Knee Surg Sports Traumatol
Arthrosc 2010; 18: 388-93.

R Development Core Team. R: A language and environ-
ment for statistical computing. R Foundation for Statistical
Computing. Vienna, Austria 2009.

Buechel FF, Pappas MJ. Long-term survivorship analysis of
cruciate-sparing versus cruciate-sacrificing knee prostheses
using meniscal bearings. Clin Orthop Relat Res 1990; 260:
162-9.

Lee GC, Cushner FD, Vigoritta V, Scuderi GR, Insall JN, Scott
WN. Evaluation of the anterior cruciate ligament integrity
and degenerative arthritic patterns in patients undergoing to-
tal knee arthroplasty. J Arthroplasty 2005; 20: 59-65.
Wretenberg P, Ramsey DK, Nemeth G. Tibiofemoral con-
tact points relative to flexion angle measured with MRI.
Clin Biomech (Bristol, Avon) 2002; 17: 477-85.
Wasielewski RC, Galat DD, Komistek RD. Correlation of
compartment pressure data from an intraoperative sensing
device with postoperative fluoroscopic kinematic results in
TKA patients. ] Biomech 2005; 38: 333-9.

D’Lima DD, Patil S, Steklov N, Slamin JE, Colwell CW, Jr.
Tibial forces measured in vivo after total knee arthroplasty.
J Arthroplasty 2006; 21: 255-62.

Nowakowski AM, Muller-Gerbl M, Valderrabano V. Surgi-
cal approach for a new knee prosthesis concept (TSTP)
retaining both cruciate ligaments. Clin Anat 2010; 23:
985-91.

Buechel FF, Pappas MJ. 20 Jahre LCS® Knie-System.
1998; 1-14.

© 2012 The Authors - elSSN 2280-8000 9



