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Bonding Strength between Cement and an Implant
according to the Cementing Time

Woo-Shin Cho, MD,, Byung-Kwan Kim, MD., Je-Ho Woo, MD,
Yoon-Seok Youm, M.D* and Hwa-Kyo Byeon, M D,

Department of Orthopedic Surgery, Asan Medical Center, College of Medicine,
University of Ulsan, Seoul, Ulsan University Hospital*, Ulsan, Korea

Purpose: The objective of this study was to compare the bonding strength between cement and an

implant according to the cementing time.

Materials and Methods: The two types of cement used were CMW® 1 and 3 (Depuy Ltd., Blackpool,
UK). Plastic molds containing CMW® 1 were pressed onto metal blocks at 2, 4, 5 or 6 minutes after
mixing the cement, while molds containing CMW® 3 were pressed onto blocks at 3, 5, 6 or 7 minutes
after mixing the cement. Tensile strength was tested with using an Instron Model 8874 (Instron Corp.,
Canton, MA, USA). Tensile strengths were compared using the Kruskal-Wallis test and the Mann-Whitney

U test.

Results: The strongest bonding strengths for the tensile load were at 2 minutes post-mixing for CMWA
1, and at 3 minutes post-mixing for CMW® 3. The strength rapidly decreased after 5 minutes for CMW®

1 and after 6 minutes for CMW® 3.

Conclusion: This study suggests that the risk of loosening between cement and an implant is likely to
be minimized by the surgical technique that considers the bonding strength according to time.
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Fig. 1. Basic materials for testing the tensile force between cement and a metal block (A: metal block, B: plastic tube, C: test material
after cementing within the plastic tube, D: test material after removing the plastic tube),
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Fig. 2. The method to test the tensile strength between cement
and a metal block (a; cement, b; metal block, ¢; block holder).
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Table 1. The Mean Tensie Bonding Strength of CMW® 1 107
Cement over Time after Mixing 91
Time after mixing (min) 2 4 5 6 3_
Mean tensile bonding 758 6.66 155 0,64 6 -
strength (Mpa) &
5 -
=
4 -
3 -
Table 2. The Mean Tensile Bonding Strength of CMW® 3 21
Cement over Time after Mixing 1
i i i 0 T T T T 1
Time after mixing (min) 3 5 6 7 5 3 4 5 6
Mean tensile bonding 583 5.00 181 058 Minute

trength (M ®
strength (Mpa) Fig. 3. Graph of the mean tensile bonding strength of CMW®
1 cement over time after mixing, The error bars represent the
standard error,
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£ SRt p=0.650(Fig. 4), 383 syolAe] W SO

A== 6% TEoAET EA ZoH(p<0.05).

oM AJHE-X|2HE Ato]of A dfjz]d/do] =4 ¥

Ings B33 9leh. Goldring Eu Willert 57 113

dfel= o A= A7) Ao M 2 93 v AHAE AR eA] AIHE—W ApoJof A Tyt A
A= <lxo|m?, wio 2|3HE o] Aol HijE At} A k(fibrous membrane)©] 327} HAYs}7] AlZFsh=
3 4= Q. ol xeHEe] wgubel wet 2ho|7} 1 F5 Yelolgka sigie}, 22y Maloney 52 1%
HARHER US4 AMEZF sfe]el W o A s Mgk T AJHE- Atojo] HfA] 9

A7t QoL & Aok, 7o) glow] AMES} 28 Aold] &2z} St
A Bk tat $-2= ot 448717} S1T}, Justy 5123 Stauffer= AJMES} (3R A}
(3]

>
g

A agEo] Bleie 27]0f MAdE Aol 7] AEE o]9] Afut] ado] FEje] = Yelolata atltt, &
7Rt dtths Aol <89 ol wdso] SlofA T Aol QloiHE Han 572 djE) é%‘%A =7
£ AMES o]g3 o] 27 o7m Iy, a2]7t vehd 150 Mol e A/ AME-X|2

E-7
1)

ARES o) g3t AP Agee] delol tia AT 2 Aolo] dlelt AYLS Huslgl, Mikulak 5



AIBIE AlZlol T2 AHES} X|5+

=

140
>~
=
o
N
o
N

32| )2 Ao g Al
B33k Apolol4 827t A
ARIES} XS Afolo] A3t A=} SHelo] Fagh W
2 A7k,

N AE o
oZ,
ok
fjo
[
k=l
ol
3
i

AIZE, 11 Al o, o] B Aol 9§ of whetA
AR AHEL B2 9 polymers} HAR
% monomer® ¥ itk L 7 Al 23] ARmT
Ao =7, BAF L chaind] Bo|7t etk oA
olom th7l 30—150 nme| 7|0 ExlgE B 179
o5 29koA 200Rt7HA] theFeich, 2 AoA=
CMW"™ 13 MW" 3% o] &85t o]i= o] A|MET}
AF 2BANA 7P E3] AgE7] wjLolct, CMw®
& HAo] =om getting time®| 8—9EOE E o] Q)
1, CMW® 3¢] "AAL Z7to]x setting time©] 8& 30
298 3028 g¥A 9t}

ANHES] Feja ks AZ|HE E76) HH, &
I HAE AoH W AFoll= HAE AR B
SAAA =i, Ego] WA monomerd]| w5 3, 0] Al
717k AU w82 vlwA o] Qe A Al (liquid
stage)7t "}, o] WFE IS 4o FE
(polymerization)©]  doJUil  polymersE FAdH=
doughy phase7t B}, &8 2|350] glojA] AlHE
14 9] 7H4F 2™t Al7])+= doughy phase® 4# A Sl
=, o= AIME F5ol mhebA thas zpol= QAN
ojufo]] AMEE 7Hg th57] 4at, At 23 7
AL 917] wjolct,

B Ao A= AHIES} G455 Atold o FAo] &)

S GhEE 28} AA7|Z olgstel AH, A 3 A

—

E
gteol] A9 Apol& HolA| ¢ha2 At AME
7h 4T BEAS 7T AT oz g4 £
4 71 4= YEE plastic tubeE AHESFAITEH
A7 A8 doughy phaseZt AIATEIE 284 &

3| ZolAlE 102714 AR E2 Lol A 27|
A sk, T2y #8] AollA = 7HA] ATHIES] AT
7

17-e A5k & A, CMW® 39] 7-%of 250
=l =

749

o8 48 5E GEO] CMW" 3= 38, 58 682 72
24820 nAskct

Alg A gt A% o] ke u]x|H13), o=
Aoz ko] F4E AFeo] 2 Ao Holglth =
9T AL 1 kg EAES ASAE gl Ao] v
okgom 5kgS AHGFS W= AE] I7)of w3
U5 ZetolA] 3 kgo] FAIS Fol ele sfslgit), A
g Al 2% 9 $EE 23°C9F 30%2 AASH| FAIA
Fom, Xzko] Aol weh AmEe] Buj7} Zols
o] Atelo] JFFL X3, A 7|7Hcuring time) 2
7ol weti e Ageo] gebd 4 9ly] wjio] kA
A Yot gAke AelE AAs 84S §A817] <)
24A17F B2t 36,5°C A d4e] BrHsS T AgE
S =459

I AT CMW" 19] A9 2Rl A BEst 7
Zstglon, CMW® 3olA1 3804 71 Zstalct. 1
2|31 27} 53} 6Ro|A F=rt 348 wolAlt), wet
A B AT} S sHgolaks 2781, o] A7ke] A
U AHES A3 AFAIY APl AHES} X

B Aolo] ee] 914 Fobd 4 U AOE A}
@

BHT}, wEba o] AolA] AHE ] AHE ZA]
7ro] CMW® 19] ZAoE 52 CMW® 39 #9L gi

o[fojojof Hrta Yzttt

o] A9} A 9= AHIES} AghE Ato|o] AT}
= 747 WS AAEE Ao &34 dE
A A gksoll A AlHEE Al7]ofl wet one stage® St
I} two stageZ sk B o] 9=, one stage
o] A AejaL Aol ARt Ui AFEA Eo
AEAY A7 Al7]of] Lol o] Fo| x| ¢
7F S 4= ik, ek AJHE Al7to] o AW
Aol ] Hzo] AHES} e Agha Alo]9]
o] @As}A AstE|aL, o] Aejol A FI1Y A

=3A] A= W Afo] o] et o] F7lshH
[HIES} 21gHa Ao]¢] sfe]E FHUd Aoz AYztHr
wheb] OMW" 19] 39 58, MW" 39 3% 6% ol
of AMIE 1A<7|7F BUA] oW AHES 293 A
§stolof & Aojtt,

2 AT ARH AR AAR e e &

1%
of

Wi

=
v}
Al

s

— 3 ok

oL
[¢]

> o orie ot KA e o
HEEY

ol

1



750

eloh 22219l AL Qi W Ae] AEdso] HE 2
L 3

ARE BHA] gtttk Aolal, ERle £ 59Tt
& uf$ theksty) whA] A2 (tensional force) 3t 7FA] o]
21l @

SR AES Astgon, rxjsoz A
WEs

AR Qlste] wiep AHE Apo]e] 4

ek Aol
a4 B
ST AT X eheA] Al A7l whebA A
A=) 271% CMW® 19] H$ 984 71 =& At
AEs Yefglon CMW® 39] 4ok 3+°ﬂ*1 7
okh CMW® 19] o] 55 Fof, CMW® 39] 7o
o= 65 Foll A= 943 Wobsth wekA 2
A} 5L olek= 24 dtol|, o] AlZE olufe] A
Hgsto] AsH YA oo AtEE 7H 42 9o
L}, o] A7to] ZutE Sof AHIES shd x|ekH=at AHl
E Ato]9] gf2]e] i o] ok 4 & AR AlR
Hc},
A28

1. Charnley J: The bonding of prostheses to bone by cement. |
Bone Joint Surg Br, 46: 518-529, 1964.

2. Fehring TK, Mason JB: Cemented total knee replacement:
the gold standard. In: Scott WN ed. Surgery of the knee. 4th
ed. Philadelphia, Churchill Livingstone: 1626-1630, 2006.

3. Fischer H, Wirtz DC, Weber M, Neuss M, Niethard FU,
Marx R: Improvement of the long-term adhesive strength
between metal stem and polymethylmethacrylate bone cement
by a silica/silane interlayer system. | Biomed Mater Res, 57:
413-418, 2001.

4. Friedman RJ, Poss R: Revision total knee arthroplasty in
patients with osteoarthritis. Rheum Dis Clin North Am, 14:
537-544, 1988.

5. Goldring SR, Jasty M, Roelke MS, Rourke CM,
Bringhurst FR, Harris WH: Formation of a synovial-like
membrane at the bone-cement interface. Its role in bone
resorption and implant loosening after total hip replacement.
Arthritis Rheum, 29: 836-842, 1986.

6. Haas SS, Brauer GM, Dickson G: A characterization of
polymethylmethacrylate bone cement. | Bone Joint Surg Am,

IR - UBB - 2H5 9 29

57: 380-391, 1975.

7. Han HS, Kang SB, Yoon KS: High incidence of loosening
of the femoral component in legacy posterior stabilised-flex
total knee replacement. | Bone Joint Surg Br, 89: 1457-1461,
2007.

8. Harper EJ, Braden M, Bonfield W: Mechanical properties
of hydroxyapatite reinforced poly(ethylmethacrylate) bone
cement after immersion in a physiological solution: influence
of a silane coupling agent. | Mater Sci Mater Med, 11:
491-497, 2000.

9. Iesaka K, Jaffe WL, Kummer FJ: Effects of preheating of
hip prostheses on the stem-cement interface. | Bone Joint Surg
Am, 85: 421-427, 2003.

10. Insall JN: Revision of total knee replacement. Instr Course
Lect, 35: 290-296, 1986.

11. Jasty M, Maloney W], Bragdon CR, Haire T, Harris WH:
Histomorphological studies of the long-term skeletal responses
to well fixed cemented femoral components. | Bone Joint Surg
Am, 72: 1220-1229, 1990.

12. Jasty M, Maloney W], Bragdon CR, O’Connor DO,
Haire T, Harris WH: The initiation of failure in cemented
femoral components of hip arthroplasties. | Bone Joint Surg Br,
73: 551-558, 1991.

13. Klein RW, Scott CP, Higham PA: The strength of acrylic
bone cement cured under thumb pressure. Biomaterials, 25:
943-947, 2004.

14. Maloney W], Jasty M, Burke DW), et al: Biomechanical and
histologic investigation of cemented total hip arthroplasties. A
study of autopsy-retrieved femurs after in vivo cycling. Clin
Orthop Relat Res, 249: 129-140, 1989.

15. Mikulak SA, Mahoney OM, dela Rosa MA, Schmal-
zried TP: Loosening and osteolysis with the press-fit condylar
posterior-cruciate-substituting total knee replacement. | Bone
Joint Surg Am, 83: 398-403, 2001.

16. Mumme T, Marx R, Miiller-Rath R, Siebert CH, Wirtz
DC: Surface coating to improve the metal-cement bonding in
cemented femur stems. Arch Orthop Trauma Surg, 2007.

17. Robinson RP, Lovell TP, Green TM, Bailey GA: Early
femoral component loosening in DF-80 total hip arthroplasty.
] Arthroplasty, 4: 55-64, 1989.



AIHIE AlZioll M2 AIHES} X|&= Alolo] ZEE

18. Stauffer RN: Ten-year follow-up study of total hip replace-
ment. | Bone Joint Surg Am, 64: 983-990, 1982.

19. Vince KG: Revision knee arthroplasty technique. Instr Course
Lect, 42: 325-339, 1993.

20. Willert HG, Ludwig J, Semlitsch M: Reaction of bone to
methacrylate after hip arthroplasty: a long-term gross, light

microscopic, and scanning electron microscopic study. | Bone
Joint Surg Am, 56: 1368-1382, 1974.

751

21. Wixson RL, Lautenschlager EP, Novak MA: Vacuum
mixing of acrylic bone cement. | Arthroplasty, 2: 141-149,
1987.

22. Yerby SA, Paal AF, Young PM, Beaupré GS, Ohashi KL,
Goodman SB: The effect of a silane coupling agent on the
bond strength of bone cement and cobalt-chrome alloy. |

Biomed Mater Res, 49: 127-133, 2000.

frol’d& BAs st
Ak onMw" 19 Be 2% F
T adEs 47 7

S dgdd AFEdM AT AP sk Akl

A 3 Q13 gae] 23 Agske CMW” 13 O
2579 AMES ALt oMWY 18 AHE F 242 2 4, 5, 6% Fol, MW" 32 22} 3,5, 6, 7R
Zo] AFZoA] A F&EY 9N ¢S st HAATIL 36.5°C )X Aol 2447 g2 T
Instron Model 88748 ©]§3te] Q44 EE 245 VAL 10 mm/min®] H&2 AWET} F452)
oA E2g w7}A] 7}stedct. Kruskal-Wallis test?} Mann-Whitney U testZ o]g-3ato] S48+ z}olo that

ARG A AIZbE AFeRA dE] dde ¢

2 AFE AHE Ao]o] 2RFE] WSS

P
®

3 (Depuy Itd., Blackpool, UK) F 7}A

jud




