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PE exchange and soft tissue 
procedure : does it make
sense ? 



Case

• Male, 69yo
• ROM : 0-10°-100°
• 122Kg, 174cm (BMI=40)
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• Male, 69yo
• ROM : 0-10°-100°
• 122Kg, 174cm (BMI=40)



Case

Day 7!



Case

Ligament 
balancing
+
Liner exchange
9 to 15mm



Case

Day 3!



Treatment Options

• Isolated liner exchange
• Single component revision
• Full component revision
• Hinge arthroplasty



Liner Exchange

• Attractive low morbidity option
• Minimizes morbidity of revision

surgery
• When does it work?

Polyethylene exchange only for prosthetic knee instability. 
Brooks et al. CORR 2002



Requirement 1: Complete Preoperative Evaluation

• Clinical Examination
• AP & lateral views
• Skyline patella views
• Long leg films X-Rays
• Stress X-Rays (varus valgus, A/P)
• +/- CT-Scan



Requirement 2: Classification & Etiology

FLEXION 
INSTABILITY

Flexion Gap 
Problem

EXTENSION
INSTABILITY

Extension Gap 
Problem GLOBAL

INSTABILITY

Multiple Planes

MIDFLEXION
INSTABILITY

Laxity 30-60°



Requirement 3: Components

1. Stable fixation

2. Proper axial alignment



Requirement 4: Differential diagnosis

1. No Infection

2. No Ext. mechanism disrupture

3. No wear



Requirement 5: Surgical report & prosthesis details

Posterior-Stabilized Constrained Total Knee Arthroplasty for Complex Primary Cases. 
Lombardi AV et al. JBJS (Am) 2007

1. Can you change the liner?

2. Do you have the appropriate liner?

3. Modularity and continuum of 
constraint?



Best indication 1

Liner Thickness
GLOBAL

INSTABILITY

Multiple Planes



Best indication 1

Over-Resection of tibia
• Well balanced in flexion and extension
• Symmetric instability
• Isolated liner exchange may work



Best indication 2

Availability of ultra congruent anterior
constrained PE?

FLEXION 
INSTABILITY

PCL
Insufficiency

Pagnano et al. Flexion instability after primary posterior cruciate retaining TKA. 
Clin Orthop 1998



Best indication 3

• Rebalance ligaments
• Soft tissue release on concave side
• Liner Thickness

EXTENSION
INSTABILITY

Var/Valgus
Imbalance

Caution! Gap imbalance may require a 
femoral revision or constrained implant



Principles of ligament balancing in RTKA

• Complete concave releases 
• Equalize flexion extension gaps
• Recreate the joint line
• +/- Tighten the convex side



Does it
really work?



Liner exchange outcomes



Liner exchange outcomes

• 47 rTKA for tibiofemoral instability
• 14 isolated liner exchange
• Mean increase of liner thickness of 5.7mm
• Success : 10/14 (71%)
• F/E gaps imbalance



Liner exchange outcomes

• n=27
• Mean increase of 4.3mm
• Success in 15/27 (55%)
• Failure at 3y (0.6-6.4)



Liner exchange outcomes

• n=90 revision TKA, 3.7 years FU
• 40% isolated tibial PE exchange with increased constraint, 60% component revision
• Mean increase of 4.4mm
• Failure rates 19.4% versus 18.5% (ns)
• Re-revision rates significantly lower (6.3% vs 30.8%) when insert constraint was increased
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a b s t r a c t

Background: Symptomatic instability following total knee arthroplasty (TKA) is a leading cause of early
failure. Most reports recommend component revision as the preferred treatment because of poor out-
comes and high failure rates with isolated tibial polyethylene insert exchange (ITPIE). However, these
ideas have not been tested in modern implant systems that allow insert constraint to be increased.
Methods: We retrospectively reviewed 90 consecutive patients with minimum 2-year (mean 3.7 years)
follow-up who underwent revision TKA for instability at a single institution. Mean age was 62.0 years
(range, 41 to 83 years), and 73% of patients were women. Forty percent of patients were treated with
ITPIE when standardized preoperative and intraoperative criteria were met; 60% underwent revision of
one or both components when these criteria were not met.
Results: Patients experienced significant improvements in Knee Society (KS) knee (48.4 to 82.6; P < .001)
and function (49.0 to 81.0; P < .001) scores. There were no significant differences in improvements in KS
knee scores (38.1 vs 33.1; P ¼ .18), KS function scores (36.0 vs 34.0; P ¼ .63), or arc of motion (5" vs 6"; P ¼
.88) between those treated with ITPIE and component revision. Failure rates were 19.4% in the ITPIE
group vs 18.5% in the component revision group (odds ratio, 1.06; P ¼ .91). Re-revision rates were
significantly lower (6.3% vs 30.8%; odds ratio, 0.15; P ¼ .004) when polyethylene insert constraint was
increased.
Conclusion: In selected patients, ITPIE is not inferior to component revision at addressing symptomatic
instability following TKA. Degree of constraint should be increased whenever possible during revision
surgery for instability.

© 2018 Elsevier Inc. All rights reserved.

Instability is a leading cause of early failure following total knee
arthroplasty (TKA), accounting for 10% to 22% of revisions [1e5].
Although clinical presentations can varywidely, instability typically
manifests with subtle symptoms and signs such as pain, a

subjective sense of instability without giving away, recurrent joint
effusions, and diffuse periarticular tenderness [6].

Previous investigators have described varied treatment strategies
for patients with instability, with most recommending component
revision [2,3,6,7]. One strategy that can be appealing when treating
these patients is increasing the thickness of the modular poly-
ethylene insert while retaining the existing femoral and tibial com-
ponents. Yet to date, reports of isolated tibial polyethylene insert
exchange (ITPIE) have consistently demonstrated inferior outcomes
and high failure rateswhen compared to component revision [8e10],
and accordingly ITPIE is generally not recommended as an acceptable
strategy to address instability following TKA.

Since these reports were published, modern TKA systems have
evolved to typically allow a more constrained polyethylene insert
option to be used with primary components. For example, most
modern posterior-stabilized (PS) systems allow the use of a “mid-
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Clinical Results of the Component Revision Group

Mean AOM improved from 117! (range, 80! to 145!) preopera-
tively to 119! (range, 60! to 140!; P ¼ .60) following component
revision. Two patients (3.7%) lost extension following component
revision, and 19 patients (35.2%) lost AOM. In this subgroup, mean
loss of extension was 5! (in both patients) and mean loss of AOM
was 14! (range, 5!-35!). Mean KS function scores increased from
47.2 (range, 30 to 64) preoperatively to 80.2 (range, 50 to 93; P <
.001) at latest follow-up and mean KS knee scores increased from
45.5 (range, 30 to 60) to 79.0 (range, 48 to 90; P < .001), respec-
tively. Seven (13.0%) knees that underwent component revision
were re-revised at a mean of 27 months (range, 6 to 40 months;
Table 5). Of those, 1 underwent an ITPIE for persistent instability, 5
underwent further component revision (4 due to recurrent symp-
tomatic instability and 1 due to severe anterior knee pain and
patellar maltracking), and 1 had a resection arthroplasty and 2-
stage exchange as a result of deep infection. KS scores less than
60 were reported at latest follow-up in 3 patients (5.6%) giving a
combined failure rate of 18.5%.

Comparison of ITPIE and Component Revision Groups

Therewere no significant differences in the final and the change
in AOM, KS knee scores, or KS function scores between ITPIE and
component revision groups (Table 5). Additionally, combined fail-
ure rates were nearly identical (19.5% vs 18.5%; odds ratio,1.06; 95%
confidence interval, 0.36-3.11; P ¼ .91) between ITPIE patients and
those with a revision of both components (Table 5).

Increasing the Degree of Implant Constraint

Across the overall cohort, the degree of constraint of the
polyethylene insert was increased in 71% of cases. There was a
significantly lower re-revision ratewhen the degree of constraintwas
increased (4/64; 6.3%) compared towhen it remained the same (8/26;
30.8%) after revisionsurgery (oddsratio, 0.15;95%confidence interval,
0.04-0.56; P ¼ .004).

Discussion

This study reviewed a single institution's experience in the
management of instability following TKA, describing a standard-
ized approach we consistently used in managing this condition
across a large cohort of patients undergoing revision surgery. We
used various treatment options for instability including increasing
insert thickness without increasing constraint, increasing insert
thickness and constraint while retaining primary components, as
well as revision of one or both components [2e4]. Using this
approach in the context of modern implant systems, we observed
no differences in clinical outcomes or failure rates between ITPIE
and component revision; however, there was a significantly higher
re-revision rate when the degree of insert constraint was not
increased at revision surgery, suggesting this was the much more
important surgical consideration.

In our study, 36 of 90 patients (40%) met criteria for ITPIE. ITPIE
offers several advantages compared to component revision including
a quicker operation, shorter hospital stay, faster recovery, mainte-
nance of bone stock, lower patientmorbidity, and lower cost [2e4,7].
Results of the present study suggest that ITPIE is a viable strategy for
the management of instability after TKA, one which is equivalent to
component revision as long as strict selection criteria are met. This is
in contrast to earlier reports demonstrating mixed results regarding
the effectiveness of ITPIE for failed TKA [8e10,17,18], which reported
failures rates ranging from 11% to 59% (Table 6).Willson [10] reported

unpredictable outcomes following ITPIE with high rates of re-
revision (29%) and persistent pain (30%). Engh [17] documented a
surprisingly high early failure rate in their series, with a 30% re-
revision rate and a 15% rate of severe persistent pain in a subgroup
undergoing ITPIE for instability. However, some of these conclusions
were drawn from studies that included patients who underwent
ITPIE for a variety of other reasons (polyethylene wear, stiffness,
among other causes) [8,10,17,18].

Our series used a standardized approach in the context of modern
implant systems that could often accept more constrained poly-
ethylene inserts with primary femoral components. Most modern
implants offer constrained polyethylene insert options which in-
crease construct stability while retaining primary components. If
flexion-extension balance can be maintained while the polyethylene
is upsized, these more-constrained inserts may expand the role for
ITPIE. To our knowledge, none of the previous reports evaluating the
results of ITPIE included a cohort of patients where insert thickness
and level of constraint were both increased simultaneously (Table 6),
which may explain why the results observed in this series are better
than previous studies examining ITPIE.

ITPIE does not address deficiencies in implant fixation, mala-
lignment in coronal, sagittal, or axial planes, lack of restoration of
posterior condylar offset, imbalance of flexion-extension gaps, or
gross ligamentous incompetence [2e4,7,14e16]. When these condi-
tions are identified, revision TKA is clearly indicated. Application of a
standardized preoperative evaluation based on well-accepted revi-
sion arthroplasty principles such as ours ensures that these de-
ficiencies are not overlooked. Often, more than one of these factors
exist as the underlying etiology of symptomatic instability. Of the 90
knees revised for symptomatic instability in our series, 54 (60%)were
treated with revision of one or both components to address me-
chanical problems that could not be solved with ITPIE alone.

ITPIE with modern implant systems may be better than in pre-
vious reports, but failure of nearly 1 in 5 patients in both groups
suggests that instability remains a challenging clinical problem that
has not yet been solved. It is notable that the primary cause of
failure in both treatment groups was persistent instability. We have
come to appreciate that intraoperative assessment of tissue quality
at revision surgery may not allow reliable assessment of ultimate
ligament stability and that laxity may progress with time in pa-
tients who do not have internal constraint. For example, 5 patients
(9.3%) initially treated with component revision underwent re-
revision for persistent instability, but PS liners were used at the
initial revision in 4 of these 5 cases as intraoperative soft tissue
balance was thought to be excellent after correction of the
mechanical factors (Figure 1). Similarly, ITPIE for instability in PS

Table 6
Prior Studies Reporting Results of ITPIE.

ITPIE

Instability Others CG F/U FR KSK KSF [Constraint

Engh et al17 0 63 N 88 17% 65 HSSa 0%
Brooks et al9 14 0 N 56 29% 73 HSSb 0%
Babis et al8 27 29 N 99 44% 76 59 0%
Willson et al10 23 19 N 67 59% 85 65 NR
Konrads et al18 NR 62 N 35 11% 120 / NR
Present study 36 0 Y 39 19% 82 81 47%

Bold denotes studies evaluating patients who underwent ITPIE due to instability
(failure rates are related to patients with instability as well).
ITPIE, isolated tibial polyethylene insert exchange; CG, comparison group; F/U,
mean follow-up (months); FR, failure rate; KSK, Knee Society knee score; KSF, Knee
Society function score; NR, not reported; HSS, Hospital for Special Surgery Knee
Score; Y, yes; N, no; [Constraint, increase in constraint after ITPIE.

a HSS: percentage of patients that improved HSS scores.
b HSS: mean increase in HSS scores.

H.J. Cooper et al. / The Journal of Arthroplasty 33 (2018) 2946e2951 2949



Liner exchange outcomes

• 31 knees with insert exchange for flexion instability after primary TKA
• FU = 41 months (24-85)
• 62% : Cruciate-retaining TKAs revised to deep-dish insert 
• 38% : PS TKAs revised to thicker PS insert 
• KSS improved from 70 to 86 (p<0.05), function scores from 39 to 44 (p<0.05)
• Failure rates 6.5%

Revision Arthroplasty

Isolated Polyethylene Insert Exchange for Flexion Instability After
Primary Total Knee Arthroplasty Demonstrated Excellent Results in
Properly Selected Patients
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a b s t r a c t

Background: Historically, isolated polyethylene exchange (IPE) for flexion instability after total knee
arthroplasty (TKA) has demonstrated generally poor and unpredictable results. The purpose of this study
is to evaluate the results of a single surgeon’s strict indications and protocol for IPE for flexion instability
after primary TKA.
Methods: Between 2009 and 2016, 418 revision TKAs were performed by the senior author. Patients were
considered for IPE if they demonstrated excellent radiographic alignment and component positioning
preoperatively. Intraoperatively, if component rotation, sizing, and fixation were all excellent and the
flexion and extension gaps could be balanced, then IPE was performed.
We retrospectively reviewed 31 knees in 30 patients who were treated with IPE specifically for flexion
instability after primary TKA. The mean follow-up was 41 months (range, 24-85 months). Nineteen knees
were cruciate-retaining TKAs revised to a more constrained “deep-dish” ultracongruent insert, and 12
posterior-stabilized TKAs were revised to thicker posterior-stabilized insert.
Results: At a mean follow-up of 41 months, only 2 of 31 knees (6.5%) required subsequent component
revision surgery for recurrent instability. Knee Society pain scores improved from 70 preoperatively to 86
postoperatively (P < .0001), and function scores improved from 39 points preoperatively to 44 points
postoperatively (P ¼ .015).
Conclusion: IPE for flexion instability in carefully selected patients was successful in over 90% of patients
for a mean follow-up of 41 months. Pain and function scores significantly improved. Longer-term follow-
up is necessary to determine whether these results are durable over time.

© 2020 Elsevier Inc. All rights reserved.

Modern total knee arthroplasties (TKAs) may fail for a variety of
reasons [1]. Instability accounts for approximately 10%-22% of all
TKA revisions, and therefore, having effective strategies to diagnose
and treat this problem is important [2]. Instability may present
with signs and symptoms ranging from vague discomfort to frank
dislocation [3,4]. Historically, the surgical management of insta-
bility after TKA has been with revision of one or both components,

as isolated polyethylene exchange (IPE) has demonstrated gener-
ally poor and unpredictable results [5e7]. With the advent of high-
quality polyethylene, more recent studies have demonstrated re-
visions with IPE for multiple indications have led to lower failure
rates and improved patient-reported outcomes [8,9]. A reasonable
indication for IPE is a knee that is unstable in flexion that easily
achieves full extension, is well aligned and well fixed, and has a
modular tibial baseplate that allows exchange to a thicker and/or a
semi-constrained insert [10,11]. Proponents of IPE in the revision
setting state shorter operative time, tourniquet time, recovery time,
implant cost, and overall morbidity of the operation compared to
both-component revision [12]. With the recent emphasis on
decreasing costs in episodes of bundled care, one of the most
important potential benefits of IPE is lower cost than formal both-
component revision [12]. There is a paucity of available literature
on the indications, results, and complications of IPE purely for
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approximately $1000 for a new polyethylene insert. One must also
consider the potential costs of the length of the operation, blood
loss, hospital stay, need for postacute care, etc., which are probably
higher for a full revision than those for IPE. With the continued cost
pressures surgeons and hospitals face, it is important to have
clinically and cost-effective treatment strategies for knee insta-
bility. The challenge, in our opinion, is to determine which patients
will do well with IPE. In this study, we demonstrated a success rate
of over 90% with significant pain and functional improvement at a
mean of 41 months. We cannot overemphasize the importance of
the need for a careful preoperative and intraoperative assessment
of the appropriateness of IPE for this diagnosis as detailed in the
Methods section of this article.

In our series of IPE for unstable TKAs, we report an overall
reoperation rate of 16%. This is much lower than the failure rates
described in older studies using IPE for instability. Babis et al [5]
were one of the first to report their series of isolated tibial insert
exchange in the revision setting, and their results were generally
poor. Their series included 56 knees, of which wear and instability
were the most common indications for revision. Knees with prior
revisions before the polyethylene exchange were not excluded.
They found 14 of the 56 (25%) knees required re-revision within 3
years. When they looked specifically at the 27 knees with

preoperative instability, 8 of 27 (29.6%) were re-revised within 3
years for any cause, and another 4 were considered failures because
of severe pain. Therefore, at 3 years, 12 of 27 (44%) IPEs for insta-
bility failed in their series. They concluded that tibial insert ex-
change as an isolated method of total knee revision should
therefore be undertaken with caution. Keep in mind that their data
study period consisted of older TKA designs, fewer component
sizes, fewer polyethylene insert sizes, and, probably, a more rudi-
mentary understanding of the importance of component rotation,
sizing, and alignment. Their study also included multiple surgeons
with probably varying thresholds and indications for IPE vs formal
component revision for instability. It is not surprising that our more
recent, larger, more homogeneous, single-surgeon series with
longer follow-up demonstrated much better results.

Our successful results with IPE results were more consistent
with those of Baker et al [9] who reported good results with the use
of IPE in the revision setting as well. In their series, all knees were
revised for osteolysis and loosening of the implants, but only 4 of 45
knees (9%) had a subsequent revision. Instability was the indication
for liner exchange in only 3 of 45 (7%) knees, with the remaining
indications for polyethylene wear in 34 of 45 (76%) knees, stiffness
in 5 of 45 (11%) knees, and pain in 3 of 45 (7%) knees. Similarly,
Griffin et al [15] reported successful outcomes in their series of 68

Fig. 1. (A and B) Preoperative anteroposterior and lateral radiographs of a 65 year-old female with a painful right Stryker Triathlon CR knee. The knee is well fixed and well aligned
but demonstrated instability in flexion. (C and D) Postoperative anteroposterior and lateral radiographs in the same patient. Intraoperatively, the components were well fixed and
the polyethylene insert thickness was increased from a 9-mm CR insert to an 11-mm CS ultracongruent insert that resulted in equal flexion and extension gaps. At 3 years
postoperatively, the patient is pain free and has range of motion from 0! to 125! . CS, condylar stabilized.
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Liner exchange outcomes

• Global survivorship @ 10 years : 68% 
– Insert wear : 74%
– FT instability : 69% (reccurence of the original indication)
– Insert fracture : 33%

From 1985 to 2016, 270 isolated insert exchanges
55% Instability
39% Wear 
5% Insert fracture
1% Stiffness



Liner exchange outcomes

• 8 isolated insert exchange 
• Moderate global FT instability
« ...must be carefully indicated, otherwise instability may not be
corrected and/or functional consequences such as stiffness may occur »



• Low morbidity
• Still controversial, 55-80% success
⚠ Increase of thickness at least 4mm
⚠ Increase constraint if possible
⚠Best indication : global or flexion instability (PCL deficiency)
⚠Gap imbalance may require a femoral revision or constrained implants

Take Home Message




