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Abstract

Introduction Revision knee arthroplasty surgery can range from patella resurfacing or polyethylene exchange, to staged revi-
sion and revision to a more constrained implant. Subsequently, the ability to elicit outcomes becomes difficult to obtain and
hence information on functional outcome and survivorship for all modes of failure with a single revision system is valuable.
Methods We retrospectively assessed 100 consecutive revision knee replacements that were converted from a primary knee
replacement to a Triathlon total stabilizer (TS) knee system (Stryker Orthopaedics, Mahwah, NJ). Inclusion criteria included
failure of a primary knee replacement of any cause converted to a Stryker TS knee system. Midterm outcome of at least
5 years was required. Implants survivorship, Oxford Knee Score (OKS), Forgotten Joint Score (FJS-12), Short Form (SF-)
12, reported patient satisfaction and radiographic analysis were recorded.

Results The all-cause survival rate at 5 years was 89.0% [95% confidence interval (CI) 87.3 to 90.7]. The all-cause survival
rate was generally static after the first 4 years. The mean OKS was 27 (SD 11.9, range 0 to 46), FIS was 32.3 (SD 30.4, range
0 to 100), SF-12 physical component summary was 40.6 (SD 17.6, range 23.9 to 67.1), and mental component summary was
48.3 (SD 15.5, range 23.9 to 69.1). Reported patient satisfaction in patients who were not re-revised was 82%.

Conclusion The midterm survivorship of cemented Stryker Triathlon TS knee revision for all-cause mode of failure is good
to excellent; however, future follow-up is required to ensure this survivorship is observed into the long term. Despite limited
functional outcome, overall patient satisfaction rates are high.
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Introduction

Due to the increase in primary total knee arthroplasty (TKA)
procedures, there is a corresponding predicted increase in
the need for revision knee arthroplasty (RKA) in the future
[1-4]. Together with functional outcome and complication
profile, the success of a primary TKA will be determined
by the survivorship of the prosthesis. Failure of a primary
TKA will likely necessitate the need for revision surgery.
The burden of knee revision surgery in the USA has been
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estimated to reach 268,000 cases annually by 2030 [1], while
in England and Wales the number of RKA surgeries may
have increased by 332% by that same time [2]. Resource
allocation for these highly complex procedures, as well
as the employment and training of orthopaedic surgeons
to undertake these surgeries, is now subject to projection
analysis and health care planning [3]. With an increase in
the number of RKA surgeries, research into the outcome
and survivorship of these revisions must be undertaken and
the cause of failure leading to multiple revised knee joint
arthroplasties should be investigated.

Revision knee arthroplasty surgery can range from patella
resurfacing or polyethylene exchange, to staged revision and
revision to a more constrained implant or endoprosthesis [5].
Subsequently, the ability to elicit outcomes becomes difficult
to obtain due to, in part, the nature of the variable modes of
failure and the revision surgery that has been undertaken. To
this extent, information on functional outcome and survivor-
ship for differing modes of a failure with a single revision
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system is valuable. Implants that can aid in knee stability
may be advantageous to the functional outcome and survi-
vorship of RKA [6]. Despite the mode of failure, the goals
of revision surgery remain the same, a well-aligned, well-
balanced stable implant that is free of sepsis and provides
relatively pain-free functional range of movement [7].

We have studied the outcomes of a specific total stabilizer
knee system for revision of all modes of primary failure.
There are currently limited studies that explore the short-
to midterm outcomes of this system for RKA [8, 9]. The
primary aim of this study was to determine midterm all-
cause survivorship of the Stryker Triathlon total stabilizer
knee revision system. The secondary aims were to assess
midterm functional outcome, patient satisfaction and radio-
graphic outcome.

Methods

Retrospective cohort study assessed the first 100 consecutive
revision knee replacements performed at the study centre
using the Triathlon total stabilizer (TS) knee system (Stryker
Orthopaedics, Mahwah, NJ). The surgeries were performed
in a single institution by orthopaedic surgeons who special-
ize in arthroplasty. Inclusion criteria included failure of a
primary TKA of any cause (Fig. 1) converted to a Stryker
Triathlon TS knee system (Fig. 2). The revision implant con-
sisted of at least a TS base plate and stem, TS polyethylene
with reinforcement post and TS femoral component with
stem. In all cases, the stems on both the tibial and femoral
side were cemented into bone. The patella was not routinely
revised if it had previously been resurfaced. Primary resur-
facing in the setting of revision surgery was at the discretion
of the surgeon. The patella was revised in cases of revision

Fig.1 AP and lateral radio-
graphs of a primary TKA
requiring revision secondary to
polyethylene wear and instabil-

ity
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for infection. Prosthetic joint infection was recorded as the
mode of failure where positive culture samples had been
obtained either before surgery or at the time of surgery.
Culture negative infected prosthetic joint replacements
were recorded by the treating surgeon in cases where there
was sufficient supporting clinical evidence. A minimum
of 5 years of follow-up was required. Data were collected
from 2008 to 2011 and included patient demographics, index
implant, primary mode of failure of the index prosthesis,
patient survivorship and intra-/post-operative complications.

Functional assessment

Follow-up questionnaires assessed outcome using the
Oxford Knee Score (OKS) [10], Forgotten Joint Score
(FGJ-12) [11, 12], Short Form (SF-) 12 [13] and patient
satisfaction. The OKS consists of 12 questions that assess
the patient’s pain and function. Each item is answered on
a five-point response scale ranging from O to 4 and gener-
ates a summed total score ranging from O to 48, where 0
indicates the worst possible outcome and 48 indicates the
best possible function. The FJS-12 assesses joint awareness
during the activities of daily living (for example, climbing
stairs, walking for more than 15 min, in bed at night, etc.).
It consists of 12 questions assessed using a five-point Lik-
ert response format. Item scores are summed and linearly
transformed to a O to 100 scale, a high value reflecting the
ability of the patient to forget about the affected/replaced
joint during the activities of daily living. The SF-12 Health
Survey is a 12-item quality of life questionnaire often used
in large population health surveys. The transformed scores
for each health domain reflect a patient’s poor (0) to excel-
lent (100) health status. Two separate outputs are generated:
a generic physical component summary (PCS) score and




European Journal of Orthopaedic Surgery & Traumatology

Fig.2 AP and lateral radio-
graphs of the knee from

Fig. 1 following revision to a
cemented Stryker Triathlon TS
knee system

mental component summary (MCS) score. Normative-based
scoring is used for each component: the population mean
score is 50. Patients were asked whether overall they were
satisfied or dissatisfied with their RKA. The results were
recorded either satisfied or dissatisfied.

Radiographic assessment

The patients’ radiographic series were reviewed on digital
radiographs (Kodak© Picture Archiving and Communi-
cation System on a liquid crystal display) for evidence of
radiolucent lines (<2 mm) with or without progression, lysis
(>2 mm) and loosening (subsidence) for patients that had
not undergone re-revision. The areas of radiolucency were
documented by site and radiographic evidence of progres-
sion recorded. A modification of the Ewald [14] classifica-
tion was used to enable assessment of the tibial and femoral
stems, as their original classification does not take these into
account. Both antero-posterior (AP) and lateral views of the
knee were assessed. Five zones for the tibia and five zones
for the femur in both the AP and lateral radiographs were
allocated to give reference to the area of radiolucency and
lysis (Fig. 4).

Prosthesis and technique
The Stryker Triathlon TS knee system is a single-radius

prosthesis centred on the epicondylar axis and is designed to
provide ligament isometry in the entire range of movement.

The high degree of prosthesis conformity and +2 degrees
of varus/valgus constraint provided by the larger post are
designed to allow increased stability of the joint and for the
post-cam engagement to occur at 40—45 degrees of flexion,
replicating what studies have shown to occur in natural
knees [15].

The technique for revision knee surgery using the TS sys-
tem has been standardized through intercollegiate teaching
by the staff specialists at the Royal Infirmary of Edinburgh
through the college of surgeons of Edinburgh in consultation
with the University of Edinburgh. The principles of bone
preservation, joint line restoration, increased posterior con-
dylar offset and meticulous soft tissue dissection are taught
and practised by the surgeons in the arthroplasty unit [16].

Statistical analysis

Statistical Package for Social Sciences version 17.0 (SPSS
Inc., Chicago, IL, USA) was used to analyse the data. An
unpaired Student’s ¢ test and analysis of variance (ANOVA)
were used to compare linear variables between groups. Pear-
son’s correlation was used to assess the relationship between
linear variables. Dichotomous variables were assessed using
a chi-square test. Kaplan—-Meier methodology and a life table
were used to investigate implant survival. Cox regression
analysis was used to identify independent predictors of
implant survival. A p value of <0.05 determined statistical
significance.

@ Springer



European Journal of Orthopaedic Surgery & Traumatology

Ethical approval was obtained for this study from the
regional ethics committee.

Results

No patient was lost to follow-up from survival assessment;
however, 27 patients died during the study period. The
mean age of the cohort at the time of surgery was 69.9 years
[standard deviation (SD) 10.2, range 42 to 92 years]. There
were 42 male patients and 58 female patients with a mean
age of 70.9 (SD 11.2) years and 69.1 (SD 9.5) years, respec-
tively (p=0.39 ¢ test). The median follow-up for all patients,
including those who were deceased or had been revised
(taken as time of revision), was 7.2 years with an interquar-
tile range of 5.0 to 7.8 years. Fifteen patients underwent
revision to a TS for septic reasons and 85 for aseptic reasons.

Implant survival

There were 12 re-revisions during the study period. There
were six post-operative infections, all of which were in
patients that had revision for aseptic indications. Three
patients were re-revised to a hinge for instability, of which
all had their original TS revision for infection. Two retained
the prosthesis and underwent patella resurfacing for patella
femoral pain. One incurred a peri-prosthetic fracture that
subsequently became infected and underwent re-revision.
The all-cause survival rate at 5 years was 89.0% [95% con-
fidence interval (CI) 87.3 to 90.7] (Table 1). The all-cause
survival rate was generally static after the first 4 years
(Fig. 3). The survival rate for aseptic causes (n=85) at
5 years remained at 89.0% (95% CI 85.8 to 92.2); however,
this decreased for septic causes (n=15) to 87% (95% CI 83.3
to 90.7), but this was not significantly different (log rank
p =0.43). Interestingly, if the two patients who had a sub-
sequent patella resurfacing were not classed as re-revisions
(with retention of implant) the survival aseptic survival rate
i$ 92.0% (95% CI 88.5 to 95.5). Gender (p =0.85), surgeon
(»p=0.51), date of index procedure (p =0.54) or indication
for revision (p =0.36) were not significant predictors of
revision (Cox regression analysis). Age was, however, dem-
onstrated to be an independent predictor of survival (haz-
ard ratio 0.93, 95% CI 0.88 to 0.99, p=0.01), so for each
increasing year of age the risk of revision decreased by 7%.

There were 88 patients that had not been revised during
the study period, 27 of these had died and an additional
16 patients were not willing or unable to participate in the
completion of their functional outcome. Of the remaining 45
patients, there were 19 males and 26 females with a mean
age of 67.8 years, who completed both the functional meas-
ures and satisfaction assessments at a mean follow-up of
7.4 (range 5.2 to 10.6) years. The mean OKS was 27 (SD
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Fig.3 Kaplan—Meier survival curve for all-cause failure for the study
cohort
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Table 1 Life table for survival of the TS revision TKA for all-cause survival

Years since Number at start Failure Withdrawn Number at risk Annual failure  Cumulative 95% CI
operation rate (%) survival

Lower Upper
Oto1 100 0 5 97.5 0.0 100.0 98.6 100.0
1to2 95 4 3 93.5 4.0 96.0 94.6 97.4
2t03 88 2 3 86.5 2.0 94.0 92.5 95.5
3t04 83 2 1 82.5 2.0 91.0 89.4 92.6
4t05 80 2 6 77 3.0 89.0 87.3 90.7
5t06 72 0 2 71 0.0 89.0 87.2 90.8
6to7 70 2 15 62.5 3.0 86.0 84.1 87.9

11.9, range 0 to 46), FIS was 32.3 (SD 30.4, range 0 to 100),
SF-12 PCS was 40.6 (SD 17.6, range 23.9 to 67.1), and MCS
was 48.3 (SD 15.5, range 23.9 to 69.1). According to the
Clement et al. [17] grading of the post-operative OKS, there
were 16 (35.6%) excellent, 11 (24.4%) good and 18 (40.0%)
fair-to-poor outcomes. Despite the fact that more than a third
had a fair or poor outcome according to their OKS which is
supported by the low FIS, 37 (82.2%) patients reported over-
all satisfaction with their RKA, while eight (17.7%) patients
reported dissatisfaction.

Radiographic assessment

The most recent radiographs for the 88 TS knee systems that
had not been re-revised were assessed for radiolucent lines,
progressive lysis or loosening. An absence of lysis or radio-
graphic signs of loosening were observed in 78 of the 88
studied cases. Nine post-operative radiographs demonstrated
non-progressive radiographic lucent lines with no evidence
of loosening. Four of these presented with non-progressive
zone 1 AP tibia radiolucent lines, and three demonstrated
lateral femur zone 1 non-progressive radiolucent lines. One
presented with AP tibia zone 5, and one with lateral tibia
zone 1 non-progressive radiolucent lines. One radiograph
demonstrated progression of radiographic lucent lines and
lysis in an 88-year-old man. These were seen in the AP and
lateral tibia zone 1 and AP femur zone 1 and 2. Due to the
asymptomatic nature and his comorbidities, he is not cur-
rently scheduled for revision of his TS knee prosthesis and
will continue to be reviewed annually.

Discussion

This study has demonstrated an acceptable early- to midterm
survivorship and functional outcome, with a high rate of
patient satisfaction for the Stryker Triathlon TS knee system
for all-cause RKA.

Revision knee arthroplasty continues to increase with
published data from the UK National Joint Registry (NJR)

recording 60,680 knee joint revision operations and 4518
re-revision operations as of 2017 [18]. Debate regarding
the level of constraint required in revision knee surgery
continues. Meijer et al. demonstrated that the use of pri-
mary TKA implants was not acceptable with survivorship
at 5 years being only 44% [19]. Scuderi recommended that
the least constrained prosthesis for stability was used [20],
while Cottino et al. report improved outcomes with the use
of contemporary rotating hinge prosthesis [21]. The authors
advocate for the partially constrained varus/valgus post of
the TS system where collateral ligaments are intact and ade-
quate bone stock is present. The NJR data record infection,
aseptic loosening and instability as the main indications for
re-revision [18]. For such cases, it is typical for our centre
to implant cemented stem TS knee systems with or without
augmentation or cone, adhering to the principles of joint line
restoration and optimizing posterior condylar offset [16, 22].

The all-cause survival rate at 5 years with conversion to
a Stryker TS knee system was 89.0%. Gwam et al. reported
a survivorship of 94% for revision of aseptic knee replace-
ment to TS knee system with a mean follow-up of 4 years
[8]. Hamilton et al. reported no re-revision operations in 53
patients undergoing revision of aseptic knee replacements to
TS knee systems at 2-year follow-up at the same study centre
[9]. The inclusion criteria for their study cohort were strict,
and their main outcome was function at 2 years not survivor-
ship. Our results found no re-revisions within the first year
and a static re-revision rate after 4 years. It is interesting that
the three patients required re-revision to a hinged prosthesis
that underwent a TS for septic causes and may indicate a
higher level of restraint that may be needed for such patients
after surgical debridement of the soft tissues.

Patient satisfaction was relatively high at 82% despite a
lower-than-expected functional outcome as assessed by the
OKS, where 40% of patients had fair-to-poor outcomes.
The SF-12 Physical Health Composite Scale (PCS) in this
cohort was also lower than average (50) with a mean score
of 40.6, while the Mental health Composite Score was near
normal at a mean of 48.3. A greater improvement in the
OKS and SF-12 score has been demonstrated to correlate
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with an increased rate of patient satisfaction with the out-
come of their primary total knee arthroplasty [17, 23].
The lower-than-expected OKS, which is a joint-specific
score, may relate to the patients overall poor generic health
which is illustrated by their poor SF-12 PCS score. After
primary total knee replacement, patients with a poor over-
all physical health have an associated worse OKS but have
an equivalent satisfaction rate, which is consistent in the
presented revision cohort [23-25].

Radiographic analysis found one case from the 88 non
re-revised knees which showed signs of progression of
radiolucent lines, and an additional nine (10%) knees were
found to have static radiolucent lines. This is not an unex-
pected finding as previous studies have shown a higher
prevalence of radiolucent lines after revision surgery when
compared to primary knee arthroplasty [26, 27]. Radio-
graphs are an important diagnostic tool, especially in pre-
dicting the need for asymptomatic progression of lysis
and impending implant construct failure. The single case
with progression of lucent lines identified in this series
was asymptomatic, of advanced age and with significant
comorbidities, and he remains under follow-up.

To the authors’ knowledge, this is the first study to
report all-cause revision outcomes, both in survivorship
and in outcome with a minimum 5-year review for the
Stryker TS knee system. This is a single-centre, multi-
surgeon analysis. The arthroplasty department has adopted
revision technique principles and techniques that help to
standardize the approach and revision procedure [16].
A weakness of our study is that a proportion of patients
(n=43) were lost to clinical follow-up. This was mainly
due to death (n=27) from unrelated causes or due to
refusal/inability to complete the questionnaire (n=16).
The inability to attend or refusal was chiefly due to
advanced age, the presence of comorbidities.

Conclusion

The midterm survivorship of cemented Stryker Triathlon
TS knee revision for all-cause mode of failure is good to
excellent; however, future follow-up is required to ensure
that this survivorship is observed into the long term. Cur-
rent radiographic assessment is reassuring for longevity
of fixation. Despite limited functional outcome, overall
patient satisfaction rates are high.
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