Ode to the All Polyethelene Tibia

TRAVIS SCUDDAY M.D.

Hoag Orthopedics.

Research « Education - Community Outreach




Disclosures

*Ownership *Education

* Hoag Orthopedic Institute * Loma Linda Residency

* Main Street Surgery Center * Hoag Fellowship

* Sylke *Partner at Orthopedic Specialty Institute
*Consulting

* Corin

* Exactech

Hoag
Orthopedic
Institute




Hoag
Orthopedic
Institute

Background

CMS

CENTERS FOR MEDICARE & MEDICAID SERVICES
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Fig. 1
The projected number of primary total hip arthroplasty (THA) and total knee arthroplasty (TKA)
procedures in the United States from 2005 to 2030.
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DRG 470 (uncomplicated THA or TKA) Failed to keep up with inflation


Implant Costover Direct Costs of Anchor Stay

oP CJR Hip/Knee Patients, CY2019 - 2025Q2

Part B PT 5.9% - 18%

Part B Post D/C 12.1% —

Rehab 0.6%
SNF 3.3% -
= Implant Cost
HH 3.7% - All Other Direct Costs

Readmit 1.7% — 69.7%

Anchor Stay 68.7%
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History

*1963
* High density poly developed

*1970s
* First TKAs start as all poly tibia
* Total Condylar, Insall-Burnstein

*1980s
* Transition to metal backed

*2020s
* <1% off TKA are all poly
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History

Performance of the Tibial Component
in Total Knee Replacement

CONVENTIONAL AND REVISION DESIGNS*

BY D. L. BARTEL, PH.D.T, A. H. BURSTEIN, PH.D.T, E. A. SANTAVICCA, M.D.T, AND
J. N. INSALL, M.D.T, NEW YORK, N.Y.

1982 Bartel and Lewis JBJS

Metal decreased and spread
cancellous stress

Metal protected cement
Early Migration
Loosening

Cold Flow
Deformation

From the Department of Biomechanics, The Hospital for Special Surgery, Affiliated with
The New York Hospital-Cornell University Medical College, New York City

The Conventional Prosthesis-Bone Model

The conventional tibial components studied were variations of the total condy-
lar design (Fig. 2). They included a plastic (ultra-high molecular weight
polyethylene) component with no fixation peg, a plastic component with a plastic
peg. and a plastic component with a cobalt-chromium alloy metal tray and metal
peg (Table I). The finite-element model for these designs. as illustrated in Figure 3,

FiG. 1

Three-dimensional finite-¢lement model of the proximal end of the
tibia with a prosthesis.

Fig. 2
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Metal Transition

IVI O d U Ia rlty Freeman-Swanson Total Condylar Knee Insall-Burstein

Intra-op flexibility
Inventory
Porous coatings

Industry?
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Metal Backed Tray

*Cons
* Stiffness
* Poly thickness
* Backside wear
* Micromotion
* Locking Mechanism Failure )
* Cost o | 7

*Pros
e Stiffness

* Modularity

* Cementless

* Liner revision?
* lnventory
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Historical Outcomes

Prospective, Randomized Radiostereometric Studies: Comparison of All-polyethylene Versus Metal-backed
Tibial Components

Study No. of Implants  Follow-up (yr) Implant Resulis

Adalberth et al'® APT, 17 2 AGC cemented (Biomet, Warsaw, APT equal or superior to MET
MBT, 17 IN)

Adalberth et al'’ APT, 20 2 Freeman-Samuelson cemented  More migration of MBT between
MBT, 18 (Biomet) 1and 2 yr

Gioe and Bow- APT, 11 35 PFC completely cemented (DePuy, Mo difierence

man ' MBT, 102 Warsaw, IN)

Hyldahl et al'™® APT, 20 2 AGC completely cemented No difierence
MET, 20

Hyldahl et al™® APT, 20 2 AGC proximally cemented only Increased motion with MBT
MET, 20

Morgren et a*! APT, 12 2 Profix cemented (Smith & Nephew, More migration of MBT between
MET, 11 Memphis, TN) 1and 2 yr

AGC = Anatomic Graduated Componant, APT = all-polyethylena tibia, MBT = metal-backead tibia, PFC = Press Fit Condylar
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All-polyethylene Tibial Component: Survivorship Analysis

Study No. of Follow-up Survivorship
Study Design Knees Implant Type (yr) End Point (%)
Ranawat and  Prospeciive APT, 112 Total condylar, ce- 1 Revision for sepfic or 8a.7
o o Boachie- MBT, none mented (Zimmer, aseptic loosening
Adjei® Warsaw, IN) and/or component
ISTOrICal UULCOMeS poston st
Scuderi et a®®  Retrospective APT, 224  Total condylar 7 Revision for any APT, 92.6
APT PS, 289 reason APT PS5, 97.3
MEBT PS, 917 MET PS, 958
Rand™ Retrospective APT, 22 Total condylar 10 Revision, poor knee APT, 90
s e e
Clinical and Functional Qut Co i f All-polyethyl radolucent ine
nical and Functlional Lutcomes: Lomparison of All-polyethylene Font-Rodriguez Refrospective  APT, 215 Total condylar and APT,21  Revision for any APT, 90.8 to 85.3
B et al® APTPS,265 Insal-Bursteinll ~ APTPS, 16  reason APT PS, 94.1 0
Study Clinical and Functional Outcome L U= =
2,036 MET PS5, 98.1 to
Apel et al*® NSSD: knee, pain, function, ROM, flexion contracture ot 93.1
SSD: muscle strength, instability in favor of MBT (authors ( ﬂgasese‘““ st
attribute this to increasing surgical experience) Bodi )
16 . q - riguez Retrospective APT, 130  PFC, cemented 7 Revision for any APT, 96 to 88
Adalberih et al NSSD: knee, function, ROM, flexion contracture et al MBT. 113 (DePuy, Warsaw, s MBT. 75 to 76
Gioe and Bowman'® NSSD: knee, function, ROM, flaxion contracture IN) (best case—worst
Adalberth et al'” NSSD: knee, function, ROM, flaxion coniracture case)
Rodriguez et al®® NSSD: knee, function Faris et al™ Retrospective APT, 536  AGC (Biomet, War- 10 Revision due to 68.1
Udomkiat et al®" NSSD: knee, function, flexion contracture, SF-36 MET, none  saw, IN) meﬁg'?g o
Majibi et = NSSD: knee, function, ROM, visual analog, HSS score aseptic loosening
Pagnano et &= NSSD: pain, stair climbing, function Rand et a*® Retrospective APT, 464  Various, cemented 10 Revision for any APT, 97
. a7 . 3 MET NM, and uncemented reason MBT NM, 92
e e 2 e
) - : ) MET M, 8,250
Seen e ST Gioeeta™  Prospective APT, 443  DePuy, Wright Medi- 132 Revision for any APT, 92.0
— - - — MBT, 4,977 cal (Arington, TN, reason MET, 95.1
APT = all-polyethylena tibia, HSS = Hospital for Special Surgery, MBT = metal-backed fibia, Stryker Howmedica
NS5D = no statistically significant difference, ROM = range of motion, SF-36 = Medical Osteonics (Mah-
Outcomes Study 36-item Short-Form Health Survey, 55D = stafisfically significant difference, wah. NJ
WOMALC = Western Ontario and McMastar Universities Osteoarthrtis Index . NJ)
Dalury et al*®  Prospective APT, 120  PFC Sigma (DePuy) 7 Revision for any APT, 99.4
MBT, none reason

AGC = Anatomic Graduated Component, APT = all-polyethylene tibia, M = modular, MET = metal-backed tibia, NM = nonmodular,
PFC = Press Fit Condylar, PS = posterior-stabilized
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't does not last as long

i00- All-Polyethylene Versus Metal-Backed

Tibial Components—An Analysis of 27,733

o — Cruciate-Retaining Total Knee Replacements
from the Swedish Knee Arthroplasty Register

g‘ 96 Metal
E Asgeir Gudnason, MD, Nils P. Hailer, MD, Annette W-Dahl, RN, PhD, Martin Sundberg, MD, PhD, and Otto Robertsson, MD, PhD
=
‘3 94 Investigation performed at the Department of Orthopedics, Institute of Surgical Sciences, Uppsala University Hospital, Uppsala, and the Swedish Knee
Arthroplasty Register, Department of Orthopedics and Clinical Sciences, Lund University Hospital, Lund, Sweden
92
—r 16011 7981 1035 Metal
0 11722 4572 496 All poly
M T | 1
0 5 10 15
Years
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't does not last as long

Lower Associated Risk of Revision With All-Polyethylene Tibial
Components in Total Knee Arthroplasty: An Analysis of the
American Joint Replacement Registry

00,04
a,* . b - a
Ryland Kagan, MD * ', John Andrawis, MD, MBA ”, Jamil Kendall, MD ©,
Ayushmita De, PhD ¢, Kyle Mullen, MPH ¢, Adam A. Sassoon, MD, MS ¢
2 Department of Orthopaedics and Rehabilitation, Oregon Health & Science University, Portland, Oregon =
b Department of Orthopaedics, Harbor — University of California Medical Center, Torrance, California
© American Academy of Orthopaedic Surgeons, Registries and Data Science Department, Rosemont, Illinois
d Department of Orthopaedic Surgery, University of California Los Angeles Medical Center, Santa Monica, California = s
2
@
LR
00.5%
— Al Paly Metal Backed
o i 2 3 H 5 6 7 8
Time to revision (years)
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Lower all cause revision
Lower infection
<1% of AJRR TKAs


The Medium-Term Survival Analysis of an All-Polyethylene Tibia in

‘t |S n Ot a Fe rra r.l a Single-Series Cohort of Over 1000 Knees

David R. Selvan, MBChB, FRCS,
Alasdair J.A. Santini, MBChB, FRCS (Glas, Eng), FRCS (Orth) ,
John S. Davidson, MBChB, FRCS (Ed), FRCS (Tr & Orth), Jill A. Pope, MSc, MCSP

Lower Limb Arthroplasty Unit, Liverpool University Hospitals NHS Foundation Trust, Thomas Drive, Liverpool, L14 31B, United Kingdom
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Years Years
Fig. 3. 5F-12 physical scores for preop and postop years (" < .05 for all postop years). Fig. 5. WOMAC scores for preop and postop years (P < .05 for all postop years).
SF-12, Short Form 12; preop, preoperative; postop, postoperative. WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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It IS hot a Ferrarl

All-polyethylene versus metal-backed tibial components in total knee
arthroplasty: a meta-analysis of randomized controlled trials

Aissam Elmhiregh' - Yousef Abuodeh? - Osama Alzobi?® - Bashir Zikria3 - Mohd Alkhayarin? - Bernard F. Morrey*

APT MBT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Abdel 2018 89.5 9.4 50 823 185 66  5.9% 7.20[2.03, 12.37) — APT MBT Mean Difference Mean Difference
Adalberth 2000 91.5 5 84 17 92.79 8.9 17 6.1% -1.29[-6.35,3.77] R - Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Adalberth 2001 85.05  14.45 20 89.95 741 18  3.0% -4.90[-12.10, 2.30) — Abdel 2018 82 21.7 50 56.7 169 66  6.5% 25.30[18.03,32.57] -
Gioe 2000 84.3 142 103 854 11.8 97 12.0% -1.10[-4.71,2.51] Y Adalberth 2000 85.59 12.52 17 85.56 16.7 17 3.5% 0.03 [-9.89, 9.95] —_
Gioe 2007 83.6 17.3 97 819 19.2 70 49% 1.70[-3.96 7.36] | Adalberth 2001 86.82 17.93 20 913 15.09 18 3.1% -4.48[-14.98,6.02] -
| Gioe 2000 74.4 19.6 103 72.1 22.1 97 10.1% 2.30 [-3.50, 8.10] —
Hamersveld 2018 91.9 11.3088 29 93.4 11.5022 30  4.6% -1.50[-7.32,4.32] i Cioe 2007 577 285 97 483 283 70 45%  9.40(0.68, 18.12] .
Hasan 2019 95 12.6395 27 98 5.2579 29  5.9% -3.00[-8.14,2.14] = Hamersveld 2018 88.3 15.0785 29 86.7 14.7885 30  5.9%  1.60 [-6.02, 9.22] ——
Norgren 2004 75.66 11.31 12 78.19 10.35 11 2.0% -2.53[-11.38, 6.32] —— Hasan 2019 82 12.6395 27 88 13.1448 29 7.5% -6.00([-12.75, 0.75] —
Pagnano 2004 92 6.2 80 92 6.2 80 42.4%  0.00[-1.92,1.92] Norgren 2004 61.91 15.29 12 61.99 2196 11 1.4% -0.08 [-15.68, 15.52] s
Kalisvaart 2012 88.3 11.58 75 B8.7 9.93 76 13.2% -0.40([-3.84, 3.04) Pagnano 2004 89 8.26 80 89 8.26 80 52.1% 0.00 [-2.56, 2.56]
Kalisvaart 2012 69.7 26.09 75 77.4 2344 76 5.5% -7.70[-15.61,0.21)
Total (95% Cl) 510 494 100.0% -0.20 [-1.46, 1.05] S — i o 148 [-0.47, 3281
et - - R = " \ : . otal X .38 [-0.47, 3.
?:::rf?}?e:v::ili:;ec: ;2_'0: .3d2f[P 9_(:;?5?'2”' I =25% -20 -10 O 10 20 Heterogeneity: Chi* = 57.03, df = 9 (P < 0.00001); ¥ = 84% + S0 + ° 255
b £ O =2 APT MBT Test for overall effect: Z = 1.46 (P = 0.14) U APT MET
Fig.4 Forest plot of clinical knee society score at the final follow-up between all-polyethylene (APT) and metal-backed (MBT) tibias, CI: confi- Fig.3 Forest plot of functional knee society score at the final follow-up between all-polyethylene (APT) and metal-backed (MBT) tibias, CI:
dence interval confidence interval

Hoag
Orthopedic

Institute.


Presenter Notes
Presentation Notes
2023 European joutnal
Meta analysis
No difference in KSS


They only work in skinny patients

Metal or Modularity: Why Do Metal-Backed Tibias Have Inferior
Outcomes to All-Polyethylene Tibial Components in Patients
With Osteoarthritis

Matthew T. Houdek, MD, Chad D. Watts, MD, Cody C. Wyles, MD, John R. Martin, MD,
Robert T. Trousdale, MD, Michael J. Taunton, MD ~

Department of Orthopedic Surgery, Mayo Clinic, Rochester, Minnesota

w

BMI 35 to <40 kg/m2

MBM vs AP 11.19 (2.48-197.57) 0002 1.60 (0.93-2.98) 08 1.44 (0.56-4.86) A7
MMB vs AP 12.38 (1.58-250.40) 01 1.09 (0.25-3.39) 89 — —
MBM vs MMB 1.35 (0.42-8.22) 65 0.91 (0.29-3.99) 89 — —
PS vs CR 0.80 (0.50-1.25) 33 0.94 (0.66-1.33) 73 0.85 (0.42-1.76) 66
BMI =40 kg/m2

MBM vs AP 3.19 (1.00-19.49) 04 1.15 (0.62-2.36) 66 2.19 (0.66-13.52) 22
MMB vs AP 7.15 (1.39-51.71) 01 1.90 (0.59-5.38) 25 — —
MBM vs MMB 0.44 (0.18-1.47) 16 0.60 (0.27-1.71) 30 — —
PS vs CR 0.75 (0.44-1.33) 32 0.70 (0.47-1.08) 11 0.36 (0.18-0.75) 006
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| may need to change poly in the future

*Poly exchange is rare

. A Comparison of Isolated Tibial Insert Exchanges for Global Instability
0
* <5% of revisions to Full Revisions for Flexion Instability in Revision Total Knee
Arthroplasty

® PO Iy EXCh a nges do pOO rly Cooger R. Parish, Bsﬂ'. Luke R; }ovm, MD®, Evan R. Deckard, BSEt’,
e Sym metric insta bl I |ty on Iy R. Michael Meneghini, MD

# Department of Orthopaedic Surgery, Indiana University School of Medicine, Indianapolis, IN, USA
* 2 times as high revision rate

5 Indiana Joint Replacement Institute, Indianapolis, IN, USA

*Planning for a poor outcome
* Constrain everyone

* CR femurs



| can not perform a DAIR

100.0%

°Never been studied

9%

*Prevention?
* Decreased infection risk?
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0.2 5 024
0.0 — T T T T T 0.0 — T T T T 334%
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Years Postoperative Years Postoperative
C D
1 10 i) All Paly Metal Backed
= 098 5 084 L ! ] El 4 5 ] 7 ]
:
2 0961 g 057
s o " .
§ 0.944 3 04 Time to Revision (years)
H £
0.921 ® 029 . - . - s
Fig. 3. Event-free survival curve for revision for infection comparing all-polyethylene
09 . : . . r 0.0+——T— T —— i :
2 5w i 5 = i s £ 11 & 2 2 = to modular metal-backed tibial component primary total knee arthroplasty 2012 to
Years Postoperative Years Postoperative 2019 time to revision (y’ea]'\s)_
Fig. L. Sur ip curves with ints of percent free of revision (A), aseptic revision (B), infection (C), and reoperation (D)
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The bone is too soft

All-polyethylene versus metal-backed posterior stabilized total knee
arthroplasty: similar 2-year results of a randomized radiostereometric
analysis study

Shaho HASAN ', Perla J MARANG-VAN DE MHEEN 2, Bart L KAPTEIN ', Rob G H H NELISSEN 1,

and Séren TOKSVIG-LARSEN 2 Mean MTPM (mm)
] —o— MBT
o] 2 et
Table 2. Mean (95% CIl) MTPM in mm of the metal-backed tibial 1a] O APT T
implant group (MBT) and the all-polyethylene tibial implant group T| T UnstbleAPT g
(APT) at 3, 12, and 24 months follow-up 124 P
1.0+ - ’; -
Time (months) MBT APT ol i '2? Jf
3 0.41 (0.33-0.50) 0.46 (0.36-0.57) J =
12 0.57 (0.44-0.70) 0.61 (0.49-0.73) i
24 0.56 (0.42-0.69) 0.64 (0.50-0.77)

1|2 24
Months from index operation
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't only works in straightforward cases
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All Poly Conclusions

*Excellent survivorship
* Lower infection?

*Equal function
*Cost effective

*Current Practice
* AP tibia patients >70yo
* No previous hardware
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