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TKA design

C t d tlCemented or cementless
• Prosthetic fixation in TKA with PMMA has consistently shown long‐term 

durability. Cementless fixation with bone ingrowth has been less reliable 
in long‐term studiesin long term studies

• 72% 10‐year survivorship with the cementless Press‐Fit Condylar design 
d ith 94% 10 i hi ith i il t d TKAcompared with 94% 10‐year survivorship with similar cemented TKA

• Osteolysis also has been reported more frequently with cementless y p q y
prostheses

• Cementless designs had a 1 4 times higher rate of revision than did• Cementless designs had a 1.4 times higher rate of revision than did 
cemented designs

‐‐‐ Campbell’s operative orthopaedics 11th ed

What is the bone cement ?

• PMMA (Polymethyl Methacrylate)
‐‐‐聚甲基丙烯酸甲酯

• 1902年，德國化學家 O. Röhm合成了
PMMA。O .Röhm開始只是想把這種PMMA O .Röhm開始只是想把這種
材料用於黏合劑。

• 1936年，PMMA 開始大規模生產。

PMMA

Methyl Methacrylate 

th–the monomer

PMMA polymer

PMMA
• Less than half the density of glass, and similar to that of 

other plastics. p
• Good impact strength higher than that of glass or 

polystyrene, it will not shatter but instead breaks into 
l d ll ilarge dull pieces. 

• Softer and more easily scratched than glass.
• Excellent environmental stability compared to other• Excellent environmental stability compared to other 

plastics, material of choice for outdoors applications. 
• Poor resistance to solvents, on account of its easilyPoor resistance to solvents, on account of its easily 

hydrolyzed ester groups. 
• transmits up to 98% of visible light, filters ultraviolet light 

at wavelengths below ~300 nm. 
• allows infrared light of up to 2800 nm wavelength to pass. 



PMMA
• Good compatibility with human tissue
• To affix implants and to remodel lost bone
• Supplied as a powder with liquid methyl methacrylate 

(MMA)(MMA)
• Acts like a grout and not so much like a glue in 

arthroplasty primarily fills the spaces between thearthroplasty, primarily fills the spaces between the 
prosthesis and the bone preventing motion

• Young's modulus between cancellous bone and cortical 
bone. It is a load sharing entity in the body not causing 
bone resorption

PMMA
• MMA is considered to be an irritant and a possible 
carcinogen. g

• PMMA has also been linked to cardiopulmonary eventsPMMA has also been linked to cardiopulmonary events 
in the operating room due to hypotension

• It heats to quite a high temperature while setting and 
because of this it kills the bone in the surrounding areag

Thermal effects of PMMA
• 30 cm‐diameter cylinders of PMMA can 

t t t i f 122°Cgenerate temperatures in excess of 122°C
• Thermal necrosis reportedly occurs in boneThermal necrosis reportedly occurs in bone 
tissue exposed to temperatures in excess of 

° f h50°C for more than 1 min
• Injury to sensory nerves at 45°C for• Injury to sensory nerves at 45 C, for
exposures longer than 30 min.

‐‐‐ H. DERAMOND,* N. T. Bone Vol 25, 1999 

Thermal effects in vertebroplasty

--- Stephen M. Belkoff, SPINE Volume 28,2003

Antibiotic impregnated PMMA
• PMMA beads impregnated with heat‐stable antibiotics 

(tobramycin, vancomycin, and gentamicin) have been used since 
the early 1970s

• Achieve 200 times the antibiotic concentration achieved with IV 
administrationadministration

• With tobramycin and vancomyciny y
– Peak  concentration of antibiotic delivered to local tissue occurs on 

the first day 
– Lasts for approximately 1 week

‐‐‐ Campbell’s operative orthopaedics 11th ed

Pattern of gentamicin delivery in cement

The delivery of gentamicin from cement was y g
high initially and sustained release over several 
months -even for two years (Grieben 1975).



Clinical application of antibiotic‐
impregnated cement and beads

• Prophylaxis for total joint arthroplasty
• Treatment of total joint arthroplasty infection
• Treatment of chronic osteomyelitis• Treatment of chronic osteomyelitis
• Prophylaxis for open fracturesp y p

‐‐ NALINI RAO, Operative Techniques in Orthopaedics, Vol 12, No 4, 2002

Drugs of choice for total joint
• Gentamicin‐impregnated cement prevented infections 

d b S h l i dcaused by Staphylococcus aureus, streptococci, and gram‐
negative organisms in rat tibias

• prevented infection when E.coli was inoculated into joints 
up to 7 days after surgery in rabbit modelp y g y

• Erythromycin‐ and colistin‐impregnated cement prevented 
S. aureus and E.coli infections in rabbit femurs

‐‐‐ DAVID A. WININGER, ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Dec. 1996

Jon E Block; Harrison A Stubbs; Orthopedics; Nov 2005

Ratio of antibiotic and cement 

• 8 g of antibiotic powder with a package of 40 g of8 g of antibiotic powder with a package of 40 g of 
cement polymer is the highest mixture ratio with which 
the bone cement can be introduced into the mold andthe bone cement can be introduced into the mold and 
formed into a prosthesis without difficulty

Pang Hsin Hsieh Two Stage Revision Hip Arthroplasty for Infection J Trauma 2004‐‐‐ Pang‐Hsin Hsieh, Two‐Stage Revision Hip Arthroplasty for Infection, J Trauma. 2004

• For antibiotic beads: 12 g of antibiotic : 40g of cement 
polymer regardless of the strength of the cement *polymer, regardless of the strength of the cement * 

‐‐‐ Exprinece from LK‐CGMH

Commercial antibiotic cement

• Zimmer Palacos: 0.5 g Gentamicin 

• DePuy 1 CMW: 1 g Gentamicin

• Stryker Simplex P: Tobramycin 
i dimpregnated

Introduction

I f ti t i TKA 1%~3%• Infection rates in TKA: 1%~3%
• 8% in TKA for RA8% in TKA for RA



• The incidence of deep 
infection after primary TKA is 
rising

• Projected to reach 6.8% byProjected to reach 6.8% by 
2030

Introduction
• The health care costs for treating joint sepsis after 
arthroplasty: $40~80 million annually in US

• Direct costs of revision surgery for deep infection:Direct costs of revision surgery for deep infection: 
$55000 per case

Introduction
• Use of antibiotic laden bone cement has been 
introduced since 1970s by Buchholtz and 
E lb htEngelbrecht

d f d l d h k• No deep infection developed in the 178 knees in 
antibiotic cement goup, whereas a deep infection 
developed in five(3 1%) of the 162 knees in plain cementdeveloped in five(3.1%) of the 162 knees in plain cement 
group (p = 0.0238). 

• Two superficial wound infections developed in each• Two superficial wound infections developed in each 
group. (duration of follow‐up: 49 months)

• The lowest probability of revision in THRs was found 
among patients receiving antibiotic‐containing cement in 
combination with systemic antibiotics

• The benefit was highest during the first and the second 
years after surgery

• Antibiotic‐impregnated cement: 
– Gentamicin in combination with Palacos (0.5 g per 40.0 g 

polymethylmethacrylate) 
– Erythromicin/colistin with Simplex cement (0.5 g erythromicin

d 0 24 li ti 40 0 l th l th l t )and 0.24 g colistin per 40.0 g polymethylmethacrylate)

Ai f thi t dAim of this study

• To determine if the prophylactic use of 
tibi ti l d b t (ALBC)antibiotic‐laden bone cement (ALBC) 

decreases the deep infection rate after p
primary TKA at 1 year of follow‐up



M t i l d M th dMaterials and Methods

• Between 1998~2006, 1625 patients recruited 
from a single Canadian institutionfrom a single Canadian institution

• Ages 18 and older
• Primary or secondary osteoarthritis or 
rheumatoid arthritisrheumatoid arthritis

• Prior history of knee infection  excluded

M t i l d M th dMaterials and Methods

• All surgeries were performed by 3 surgeons, 2 
of whom routinely use ALBCof whom routinely use ALBC

• Surgical technique was similar between the 3 
surgeons, including use of tourniquet, 
operating room with laminar air flow, andoperating room with laminar air flow, and 
implants type
P 1 d f t i tibi ti• Pre‐op: 1 dose of systemic antibiotics
Post‐op: for 24h after surgeryPost op: for 24h after surgery

M t i l d M th dMaterials and Methods

• Simplex T (Stryker Canada, tobramycin 
i t d) d f ALBCimpregnated) was used for ALBC group

• Simplex P (Stryker) was used for PBC groupSimplex P (Stryker) was used for PBC group

M t i l d M th dMaterials and Methods

• Deep infection was defined as: 

• Occurring within 30 days of procedure or 
1 year in the case of implants

• Purulent drainage from the incision
• A deep incision spontaneously dehisces 1 year in the case of implants

• Related to the procedure

p p y
or is deliberately opened by a surgeon 
when the patient has at least one of the 
following signs or symptoms—fever

• Involving deep soft tissues such as the 
fascia, muscles, or joints

following signs or symptoms fever 
(N38°C), localized pain, or tenderness—
unless the culture is negative

An abscess or other evidence of

plus

• An abscess or other evidence of 
infection involving the incision is found on 
direct examination or by histopathologic p

at least one of the following criteria: or radiological examination
• A diagnosis of a deep incisional surgical 
site infection by a surgeon or attending y g g
physician

Center of Disease Control for surgical site infection, 1992 ICHE

C ll ti f d tCollection of data

• Age, sex, BMI, education 
• Baseline medical health scored on the 
Charlson Comorbidity Illness Index (scoreCharlson Comorbidity Illness Index (score 
0,1,2,3 or above)

• Functional status and pain level: WOMAC
function and pain scores pre‐op and at 1 yearfunction and pain scores pre‐op and at 1 year 
of follow‐up

Ch l C bidit i dCharlson Comorbidity index



WOMAC i dWOMAC index St ti ti l A l iStatistical Analysis

• Continuous data: Age, BMI, WOMAC scores 
d b t i t t twere compared between groups using t tests

• Categorical data: Sex education CharlsonCategorical data: Sex, education, Charlson 
index, diagnosis and incidence of infection 

d h h ²were compared with the X² test

Statistical Analysis

• Sample size was calculated to detect 50% p
difference in the deep infection rate at 1 year 
follow‐up, assuming a 3% incidence of deep 
infection

• Effect size 0.5, type I error of 0.05, and 80% power, yp , p
• Required total sample size: 1534 patients
• SPSS version 13 0 95 % confidence intervals• SPSS version 13.0, 95 % confidence intervals
• P values are 2 tailed with an α of 0.05

R ltResults

R ltResults

Overall infection rate: 2.6% (43/1645) at 1 year f/u No difference !

R ltResults



Di iDiscussion

• Cefuroxime impregnated bone cement was effective in 
preventing deep knee infection following TKApreventing deep knee infection following TKA, 
particularly in those with DM  

Chiu et al JBJS Am 2002‐‐‐ Chiu et al, JBJS‐Am. 2002

• Limitations: 
bl d d h– Surgeons or accessors were not blinded to the treatment 

allocation
R d i i– Randomization sequence

– Excluded patients who had previous knee surgery and 
i h l l diperipheral vascular disease

Di iDiscussion

• Costs of PBC and ALBC: 
– US $284 ~ $349 greater per 40g package

• Deep infection rate need to be reduced fromDeep infection rate need to be reduced from 
1.5% to 0.3% to recover the costs associate 
with routine ALBC use

‐‐‐Jiranek et al; JBJS‐Am, 2006

 which we did not see in this study

Di iDiscussion

• In diabetic patients, infection rates was reported between 3.1% and 
13.5% in patients undergoing primary joint arthroplasty

I f i i h id h i i i h b d• Infection rates in rheumatoid arthritis patients have been reported 
between 2% and 8% invarious studies

• Risk of deep infection was 6 times greater in revision surgery as 
compared to primary knee arthroplasty.p p y p y

• Greater comorbidity (Charlson Index) predicted a higher incidence of y ( ) p g
infection
Perhaps ALBC would be beneficial in this high‐risk group

Di iDiscussion:

• Considerations of the use of ALBC: 
– Toxicity
– Allergic reactionsAllergic reactions
– Drug‐resistant organisms
– Decreased mechanical strength of the cement

Di iDiscussion

• Potential for an increase in drug‐resistant organisms 
with the use of prophylactic ALBCwith the use of prophylactic ALBC 

• Use in only high‐risk populations was advised
Hanssen AD. J Arthroplasty 2004 / 

Jiranek WA, JBJS Am 2006;

‐‐‐

Di iDiscussion

• There have not been any reports of toxicity or 
ll tt ib t d t th f ALBC*allergy attributed to the use of ALBC*

• Low‐dose antibiotic impregnated boneLow dose antibiotic impregnated bone 
cements have negligible reductions in fatigue 

h d l fstrength, and implant fixation is not 
compromisedp



Acute renal failure after antibiotic‐impregnated bone 
cement treatment 

• 2 cases that had aminoglyoside‐impregnated cement 
resulted in acute renal failureresulted in acute renal failure                                       

[Curtis et al. 2005, Van Raaij et al. 2002] 

• 2 cases that had combined tobramycin‐ plus 
vancomycin‐impregnated cement resulted in ARF after 
THR                            

[Patrick et al 2006][Patrick et al. 2006] 

• 1 case with history of DM and HTN, had ARF after 
treatment of TKA infection with gentamicin‐ plustreatment of TKA infection with gentamicin plus 
vancomycin‐impregnated cement                                              
[Dovas et al.2008]

Limitation of this study
• Nonrandomized design

– Measured potential confounders and used 
regression modeling techniques to adjust for theirregression modeling techniques to adjust for their 
effects on the outcome

Conclusion
• ALBC did not significantly reduce the incidence of deep 
knee infection after primary TKA

• Further study is required to investigate the efficacy of 
ALBC in the above‐defined high‐risk groups (DM, RA,ALBC in the above defined high risk groups (DM, RA, 
Revision TKA)

• Further cost analysis for the use ALBC in primary TKA
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