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a b s t r a c t

Tibial post fracture in total knee arthroplasty is a rare but disabling complication. The authors report a
case of a nontraumatic fracture of the polyethylene tibial post in a patient with a bi-cruciate stabilized
Journey total knee arthroplasty system with subsequent episodes of knee subluxation. Early revision is
required to resolve this particular problem.
© 2019 Published by Elsevier Inc. on behalf of The American Association of Hip and Knee Surgeons. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Introduction

The history of total knee arthroplasty shows a wide range of
approaches, both with and without attempting to reconstruct
native anatomy. The use of bi-cruciate stabilized (BCS) designs has
been promoted to compensate for the shortcomings in normal
knee kinematics of posterior-stabilized total knee arthroplasty
(TKA) designs, which include post wear and instability. Poly-
ethylene wear is often seen in revision arthroplasty and is a risk
factor for (nontraumatic) breakage of the tibial post, an uncom-
mon disabling complication that needs operative treatment [1-3].
Previous reports have presented polyethylene post fractures in
NexGen (Zimmer Biomet, Warsaw, IN) and Scorpio (Stryker Corp.,
Mahwah, NJ) posterior-stabilized prostheses, but to our knowl-
edge, this is the first report of a tibial post fracture in a BCS Journey
(Smith & Nephew, Memphis, TN) TKA system [4-8].
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Case history

In August 2017, an 81-year-old man was referred to the emer-
gency department with a problem of recurrent “dislocation” of the
right knee. There was no history of recent trauma or prosthesis
malfunction after the replacement of his right arthritic knee joint in
2008withaBCSkneeprosthesis (BCS Journey; Smith&Nephew)was
performed atour institution. The left kneehadalreadybeen replaced
with a posterior-stabilized (PS)-type prosthesis 1 year earlier and
remained free of complications at presentation. Symptoms had
appeared 3 days earlier after crouching on his right knee while
working in his garden. He was unable to get up and extend his right
leg, but after gentle insistence, theprosthesis poppedback intoplace.
Pain developed during the following days with recurrent subluxa-
tion and reduction of his knee prosthesis, particularly at night when
he would unknowingly flex his knee to the point when the TKA
systemwould subluxate in a locked position and wake him up.

Clinical examination of the patient showed laxity in the coronal
plane in both knee joints and an increased anterior drawer test
grade on the right joint. There were no posttraumatic signs of
ecchymosis or swelling. Flexion of the right knee beyond 100�

caused a posterior subluxation of the tibia in relation to the femur
which reducedwith a painful clicking sensation on active extension
(video, Appendix A). Walking with his right leg in extension was
possible. Radiographs obtained routinely showed no signs of
ip and Knee Surgeons. This is an open access article under the CC BY-NC-ND license
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loosening of the femoral or tibial component, whereas imaging in
90� of flexion and in 115� of flexion showed a posterior translation
of the tibia during hyperflexion (Fig. 1).

Two weeks after the first presentation, a revision was per-
formed. In the meantime, the right leg was immobilized using a
knee brace in extension, which prevented subluxation and further
damage of the TKA system. During the operation, a transverse
breakage of the posterior tibial post could be seen, without exces-
sivewear of the femoral or tibial components (Fig. 2). The broken 9-
mm polyethylene tibial insert was replaced with an 11-mm insert
and provided adequate flexion and extension of the knee joint as
well as mediolateral stability.

Three days after the operation, the patient was able to walk
independently, only using a walking aid for long distances. At 18-
month follow-up, the patient was able to ambulate normally and
showed full extension and 120� of flexion of the right knee. He was
free of knee pain and had no complaints of instability. Radiographs
showed an unchanged position of the knee prosthesis without
signs of loosening.

The patient provided written consent to disclose medical in-
formation. Device failure was reported to the Advanced Surgical
Devices Division of Smith and Nephew, 1450 Brooks Road, Mem-
phis, TN 38116, USA.

Discussion

The concept of cruciate-substituting TKA dates back to the
1970s. After sacrificing the cruciate ligaments, knee stability is
provided by a post-cammechanism or by an ultracongruent inlay of
the TKA. The tibial spine-post femoral-cam mechanism was
designed to engage only on the posterior side of the tibial post
during flexion to improve femoral rollback and to increase the
amount of knee flexion. However, wear and deformation of the
tibial post has repeatedly been described [2,9-11]. In a retrieval
study of 23 components, 7 patients (30%) exhibited severe wear [2].
Several causes have been suggested for this: (1) excessive slope of
the tibial component can cause unintended femoral contact with
the post and (2) femoral rotation can cause edge loading on non-
rounded posts and cams, which may lead to fissuring and ultimate
failure of the tibial post. Post-cam engagement velocity and flexion
engagement angle under dynamic physiologic conditions were
calculated for different TKA devices by Fitzpatrick et al. [12]. The
flexion angle at engagement ranged from 23� to 89� among 8
Figure 1. Preoperative imaging of the right knee in 90� flexion (left) and 115� hy
different designs and correlated with the initial distance between
the post and the cam and, to a lesser extent, with the AP position of
the posterior surface of the post. This study highlighted the
importance of tibiofemoral articulation on post-cam mechanics
during dynamic activity. The influence of post design has been
described in prior studies. Designs with narrow spacing between
the post and femoral box were sensitive to edge loading and high
mediolateral force [13].

The Journey BCS TKA system (BCS Journey; Smith & Nephew)
was designed to restore normal knee kinematics and increase AP
stability throughout knee flexion. It has a unique dual cam-post
mechanism which substitutes for the anterior cruciate ligament
and posterior cruciate ligament. The 2 femoral cams engage on the
anterior and on the posterior aspect of the tibial post. The anterior
cam-post mechanism is designed to engage from full extension to
20� of flexion, and the posterior cam-post engages beyond 60� of
flexion. The posterior cam is asymmetric to guide the femur into
external rotation relative to the tibia during flexion and to guide the
femur into internal rotation relative to the tibia during extension.
This is known as the screw-home mechanism (Fig. 3). Guided
motion has a theoretical advantage because multidirectional
sliding is detrimental to the polyethylene. It is not likely that the
anterior post contact did contribute to the post fracture in our case
because the subluxation occurred in a posterior direction.

The Journey BCS prosthesis (BCS Journey; Smith&Nephew) was
introduced in 2005. The highly cross-linked polyethylene in com-
bination with Oxinium (Oxidized Zirconium; Smith and Nephew)
showed a highly durable bearing combination with very low wear
rates during simulator testing [14].

However, several patients with this particular prosthesis were
reported with postoperative symptoms mimicking the iliotibial
band friction syndrome. Luyckx et al. reported a 7.2% rate of ilioti-
bial band friction syndrome in a consecutive series of over 1000
Journey BCS knees at a mean follow-up of 2.5 years. This was
explained by the fact that the asymmetric cam-post mechanism
forced posterior femoral translation and internal tibial rotation
during flexion, possibly stretching the iliotibial band [15].

Design changes were introduced to the prosthesis, which
resulted in the release of the Journey BCS II (BCS II Journey; Smith&
Nephew) in 2012. Besides changes to the flanges and width of the
femoral component, changes had been made to the tibial post,
which was placed anteriorly and designed to be taller than that in
the Journey I prosthesis (BCS Journey; Smith & Nephew) (Fig. 2b).
perflexion (right). The red line represents the posterior border of the tibia.



Figure 2. Intraoperative imaging of the tibial insert. The broken fragment of the polyethylene post was found in the intercondylar notch (a). The anterior (b) and top view (c) of the
tibial insert show no additional wear patterns on the articulating surfaces.
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The kinematic effect of these design changes in vivo has recently
been investigated with in vivo fluoroscopy imaging [16]. The results
in this study demonstrated that the cam-post mechanism does
replicate the role of the anterior cruciate ligament and posterior
cruciate ligament for AP motion, but not for axial rotation, and that
midflexion cruciate functionality cannot be maintained because of
the lack of engagement of neither the anterior nor the posterior
cam post. Digennaro et al. found the BCS design to favor posterior
femoral rollback and axial rotation compared with the PS design,
which resulted in a better clinical outcome (less pain and improved
quality of life) [17]. Still, the kinematic profile remains different
from the normal knees possibly because of the femur being too far
posterior relative to the tibia [18]. In addition, in a prospective
randomized controlled trial, no increased maximal flexion was
observed compared with a conventional PS system [19]. These
abnormal kinematics, however, do not preclude a good clinical
outcome as stated by Ward et al. and question the need for a ki-
nematic profile equivalent to similarly aged normal knees [20,21].

In the context of our case, the question arises whether hyper-
laxity did contribute to the tibial post failure. The mediolateral and
anteroposterior laxity at the end of the surgical procedure even-
tually is decided by the surgeon’s subjective assessment of the joint
stability. This may influence the behavior of a mechanically
constant-guided motion system of an implant.
Figure 3. Tibial post mechanism in a conventional TKA (left)
The fact that the tibial post eventually broke during squatting
may suggest posterior loading during deep flexion. The rather high
level of the post fracture is somewhat atypical. It is well known that
anteroposterior force is not significantly increased during the gait
cycle, but biomechanical studies have shown that a higher ante-
roposterior shear force is applied at the tibiofemoral joint during
deep knee flexion [22]. Late knee prosthesis instability is usually
related to polyethylene wear due to malalignment or fatigue of
materials by excessive forces during movement of the TKA [23-28].

An actual breakage of the polyethylene post is uncommon but
can be diagnosed after proper clinical examination or during
arthroscopy of the affected knee.

The use of radiographic examinations provides only indirect evi-
dence, possibly secondary to noted hyperextension of the tibia or
increased translation of the tibia comparedwith the femur, but canbe
of value nonetheless [4]. When the diagnosis is confirmed, a revision
of the TKA is planned. Awaiting the procedure, the knee joint should
be immobilized to prevent further damage to the components.

Replacing the polyethylene insert with a thicker component is a
valid treatment option as studied in a patient population with PS
TKAs [1]. A group of mainly male patients, who were younger and
heavier, were reported to have a successful outcome after
replacement of the tibial insert. The outcome of this procedure in
BCS designs, however, has not yet been studied.
and the post-cam mechanism in the BCS design (right).
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The exact incidence of tibial post fracture after TKA is difficult to
determine, but several studies estimate the incidence to be less
than 1% and 1.5% [1]. Hendel et al. found 5 tibial post fractures and 7
excessive wear patterns anterior of the tibial post during a 5-year
follow-up period of 332 implants (Insall Burstein II prosthesis)
[9]. Another study found an incidence of 12.4% in 564 PS TKAs (Total
Condylar Knee System; Encore Orthopedics Inc.), but this was
probably due to several design aspects that compromised its
structural integrity and long-term performance [29]. The average
time between the index procedure and the revisionwas 40 months
(24-83 months range). The combination of highly cross-linked
polyethylene with Oxinium may have contributed to the rather
late failure in our patient (9 years after implantation).

In general, when a clinician is confrontedwith acute subluxation
or malfunction of a knee implant, the possibility of a tibial post
fracture should always be investigated to prevent further damaging
of the other components. PS and BCS designs both show evidence of
tibial post wear and are at risk of breakage in a nontraumatic sit-
uation. BCS prostheses that match the kinematics of similarly aged
normal knees can possibly reduce the risk of wear and tibial post
fractures, as can be stated by the absence of tibial post fractures of
the Journey BCS II prosthesis (BCS Journey; Smith& Nephew) in the
present literature.

Long-term effects on wear and revision rates have not yet been
studied for this design but could influence our perspective on knee
kinematics and failure after TKA.

Summary

Tibial post fracture in posterior-stabilized total knee arthro-
plasty is a rare but disabling complication.

This case report describes a case of tibial post fracture in a BCS
total knee arthroplasty.

By reporting this infrequent complication and providing a short
review of literature, we want to emphasize the importance of early
recognition because surgical intervention is the appropriate
treatment.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.artd.2019.06.001.
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