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Summary: Total joint replacement is one of the most successful orthopaedic procedures currently in use. 

Modern cementing techniques have been shown to improve the material behavior as well as the durability of 

cement in vivo. However, room for improvement remains. The goal of this project was to provide an indepen-

dent laboratory assessment of the fatigue life of Osteobond® Copolymer Bone cement relative to Simplex P 

bone cement as well as to evaluate the effectiveness of vacuum mixing. Cement specimens were prepared in 

a traditional dumbbell shape by injection molding into the fi nal desired shape without the need for machin-

ing. A minimum of fi fteen specimens were tested in each of four possible experimental groups (Osteobond 

cement or Simplex P cement; open bowl or vacuum mixing.) There was no difference in the Young’s Modu-

lus of the two cements and a small increase in modulus due to vacuum mixing for both cements. We found 

that the fatigue lifetime of Osteobond cement was roughly four times that of Simplex P cement regardless of 

mixing technique and that vacuum mixing doubled the lifetime of both cements. Although many additional 

factors affect cement performance in vivo, our fi ndings under controlled laboratory conditions suggest that 

Osteobond cement may prove more durable in a clinical application.

Background

Total joint replacement for cartilage degenera-

tion due to arthritis in the hip and knee is one of 

the most successful orthopaedic procedures cur-

rently performed. This operation leads to a dramatic 

deduction in pain and increase in joint range of 

motion often resulting in a near full restoration of 

function and lifestyle. Originally these prosthetic 

implants were designed to be fi xed in the bone us-

ing acrylic bone cement. However, as the expected 

survival time of these implants increased, concerns 

were raised over the long-term durability of the one 

cement mantle. This prompted a series of cement-

less designs which strived to obtain a direct bond 

between the one and the metal prosthesis. However, 

it was found that some of these designs caused a 

reduction in the mechanical stress in the bone that 

led to increased bone resorption and eventual fail-

ure1. This was due to the mismatch in material stiff-

ness between the metal and the bone. The previous 

cemented designs were not as susceptible to this 

problem since the cement acted as an intermediate 

material and improved load transfer from the pros-

thesis to the bone. 

The result of these experiences has been a re-

newed interest in cemented total joint arthroplasty 

and bone cement in general. Modern cementing 

techniques have been shown to improve the mate-

rial behavior as well as the durability of cement in 
vivo. However, room for improvements remains.

Implanted cement experiences repeated cyclic 

loading as the replacement recipient ambulates 

over time. This can lead to fracture or crumbling of 

the mantle. In addition to the obvious loss of me-

chanical competence, these events can lead to the 

production of debris where the crack surfaces run 

against each other. These particles have been impli-

cated in a biological lytic response that leads to the 

formation of fi brous membrane at the cement/bone 

interface and increased implant loosening.

Zimmer has developed a dew cement formula-

tion known as “Osteobond” cement which is de-

signed to reduce the number of voids and imperfec-

tions in the cement mantel which may act as crack 

initiators, thus decreasing the cement’s propensity 

to accumulate damage. This property is quantifi ed 

via an assessment of the material‘s “fatigue life”, 

the number of lading cycles the material can with 

stand prior to failure for a given stress level. Davies 

et al.2 have conducted fatigue testing on cylindrical 

specimens while submerged in saline at body tem-

perature using three different cement formulations 

(Simplex P cement from Howmedica and Zimmer 

® L.V.C.™ Low Viscosity Bone Cement and Zim-
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mer Regular Dough – Type cement formulations).

They found that cement formulations can indeed 

have a profound infl uence on fatigue performance 

with the Simplex P cement exhibiting a signifi -

cantly longer fatigue lifetime. It was postulated that 

this was due to a reduction in the number of voids 

or inclusions in the centrifuged specimens. This is 

also consistent with the aim of the Osteobond ce-

ment formulations, which is to extend fatigue life 

by reducing the number of voids. Mixing cement 

under vacuum has become a popular alternative to 

centrifugation as it also tends to remove voids but 

is technically more straightforward to accomplish 

in the operating room setting. 

Thus, the goal of this project was to provide an 

independent laboratory assessment of the fatigue 

life of the Osteobond cement formulation relative 

to Simplex P, cement and to evaluate the effective-

ness of vacuum mixing.

Methods

Our testing methodology is modifi cations of that 

employed by Davies et al.2. Specifi cally specimens 

were fabricated in a traditional dumbbell shape 

with a central test section 5mm in diameter and 

10mm long. However, rather than machine test 

specimens from larger casting, wax molds were 

formed such that cement could be directly injected 

in the desired fi nal geometry (Figure 1). This was 

accomplished by pouring liquid wax around a 

two-part Delrin blank with the desired fi nal ge-

ometry. After the wax had solidifi ed the blank was 

removed. Prior to injection each wax mold was 

brought to 37°C by placing it in a temperature con-

trolled water bath for 2 hours. One doubled dose 

(80g powder and 40ml liquid) was used in each 

injection. Simplex P cement was supplied in single 

dose units so two single doses were combined for 

each injection. All instruments used in cement 

mixing and injections were placed in a controlled 

environment at 50% + 5% humidity and 22 + 1° 

C for one hour prior to use. Open bowl specimens 

were prepared according to the manufacturer’s 

package insert. In the case of Simplex P cement 

the two components were mixed and stirred slowly 

(1Hz) for 2 min. After mixing, each cement batch 

was loaded into a Zimmer cement injection gun. 

Cement was injected into one end of the wax mold 

while pressurization was accomplished by fi nger 

occlusion of the opposite end. Vacuum mixing was 

done with Zimmer vacuum mixing cartridges. The 

liquid, followed by the powder components were 

added to the cartridge and it was sealed. A vacuum 

was applied for 30 seconds followed by 1 – ½ min. 

mixing. The liquid component of the Simplex P 

cement was chilled to 0° C prior to mixing per the 

manufactures instructions. The cement was injected 

into the molds in the same fashion as the open 

bowl mixed specimens. After injection, each mold 

was placed in a water bath for 45 min. to allow the 

cement to cure. The wax was removed and each 

specimen was cleaned with isopropyl alcohol. Prior 

to testing, each specimen was aged in physiologic 

saline at 37° C for a minimum of seven days. 

Eighty-two consecutive specimens were pre-

pared and numbered in sequence. Of these, only 

three out of 82 were rejected due to fl aws intro-

duced in the specimen during preparation. Radio-

graphs were taken of each specimen to document 

large voids and estimate porosity (Figure 2). Speci-

mens were gripped using three-jawed circular spec-

imen chucks. The lower chuck was aligned with 

each specimen individually with a low-melting 

point metal alignment jig to ensure a purely axial 

load. A sinusoidal load was applied resulting in a 

specimen stress of + 15MPa at 2Hz as per Davies 

et al.2 (Figure 3). The environment surrounding the 

specimen was maintained with physiologic saline 

at 37° C during fatigue testing. Prior to submerging 

the specimen in the environment chamber, a clip-

on extensometer was applied to the specimen to 

determine the initial elastic modulus. A single ramp 

load was applied under load control from 0MPa 

to 15MPa in 125ms. The extensometer was re-

Figure 1
Photograph of Delrin blank (left), a wax mold (right), 
and a completed cement specimen (center).
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Figure 2
Radiographs of all specimens tested in this study.
Top Row: Simplex P cement open bowl specimens 1,3,4,5,59,60,61,62,63,65,66,67,75,76,77 (left to right)
Second Row: Osteobond cement open bowl specimens 6,7,8,10,11,12,13,14,16,17,68,69,71,72,73
Third Row: Simplex P cement vacuum mixed specimens 24,25,26,28,29,30,31,32,33,34,35,37,50,53,54,55,56,57,58
Bottom row: Osteobond cement vacuum mixed specimens 18,19,20,22,23,41,42,43,44,45,46,79,80,81,82
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Specimen modulus
(GPa)

Failure
(# cycles)

1 3.58 18,529

2 3.43 35,921

4 3.64 27,191

5 3.73 28,416

59 3.28 20,756

60 3.22 36,030

61 3.34 25,146

62 3.13 19,881

63 3.21 13,598

65 3.35 20,393

66 3.26 22,653

67 3.32 26,733

75 3.16 22,571

76 3.37 9,170

77 3.27 26,437

Average 3.36 23,562

Std. Error 0.045 1,865

n 15 15

Simplex Open-Bowl

Specimen modulus
(GPa)

Failure
(# cycles)

6 3.45 35,446

7 3.46 76,847

8 3.38 64,743

10 3.62 108,526

11 3.54 90,262

12 3.48 29,458

13 3.36 74,032

14 3.27 95,031

16 3.32 66,135

17 3.51 116,675

68 3.61 127,697

69 3.53 377,331

71 3.46 151,602

72 3.31 88,604

73 3.33 132,344

Average 3.44 108,916

Std. Error 0.028 21,111

n 15 15

Osteobond Open-Bowl

Specimen modulus
(GPa)

Failure
(# cycles)

24 3.50 16,602

25 3.65 19,612

26 3.77 15,317

28 3.70 1,752

29 3.79 16,861

30 3.64 69,797

31 3.60 20,042

32 29,807

33 82,294

34 60,778

35 136,293

37 30,606

50 3.65 45,913

53 118,919

54 3.66 8,753

55 3.60 74,024

56 3.53 94,616

57 3.50 179,598

55 3.49 17,404

Average 3.62 54,684

Std. Error 0.026 11,320

n 13 19

Simplex Vacuum-Mixed

Specimen modulus
(GPa)

Failure
(# cycles)

18 3.77 258,447

19 3.75 317,835

20 3.79 103,792

22 3.59 217,027

23 3.66 295,776

41 181,166

42 3.49 415,764

43 3.26 45,020

44 3.63 201,762

45 3.60 26,531

46 3.43 134,047

79 3.54 245,347

80 3.61 32,757

81 3.60 244,865

82 3.45 448,938

Average 3.58 211,274

Std. Error 0.039 33,345

n 14 15

Osteobond Open-Bowl

Table 1



5

Figure 3
Photograph of a specimen mounted in the loading 
frame (the environment chamber has been removed 
for clarity). Note that the upper chuck is connected 
to the hydraulic actuator via the load cell and the 
lower chuck is connected to a threaded rod embed-
ded in low melting metal for alignment.

moved and replaced and the modulus measurement 

was repeated three ties for each specimen. Techni-

cal diffi culties with the extensometer made modu-

lus determination impossible for eight specimens 

although fatigue lifetimes were not affected. In ad-

dition, the results of four specimens were excluded 

due to fracture of the specimen outside of the wait-

ed section (e.g. near the grips). Eleven specimens 

were lost doe to other technical problems unrelated 

to specimen preparation including testing machine 

operator error (eight), power failure (one), or fail-

ure of the environment (two).

Statistical comparisons of the mean cycles to 

failure and elastic modulus were made on the basis 

of Analysis of Variance (ANOVA) and a post hoc 

Studen-Newman-Keuls test between all experimen-

tal groups simultaneously.

Figure 4
Results for Young’s modulus (top) and fatigue life-
time (bottom).
*p<.05
**p<.01
***p<.001
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Results

Subjective examination of the radiographs 

revealed a reduction in porosity due to vacuum 

mixing, however, a quantitative measurement of 

porosity was not made. The Young’s modulus and 

fatigue lifetimes of each specimen are reported in 

Table 1. We found that vacuum mixing resulted in 

a signifi cant increase in Young’s modulus of the 

cement for both the Simplex P (p>.001) and the 

Osteobond cement (p<.01). No signifi cant differ-

ence was found in the Young’s modulus between 

the cements regardless of mixing method. Signifi -

cant differences in the mean number of cycles to 

failure were found between Simplex P cement and 

Osteobond cement in both the open bowl mixed 

specimens (p<.05) and vacuum mixed specimens 

(p<.001), Also, vacuum mixing resulted in a sig-

nifi cant increase in the fatigue lifetime of the Os-
teobond cement specimens (p<.001), but not the 

Simplex P cement specimens. These results are 

summarized in graphical form in Figure 4. 

Discussion

Our results demonstrate that under controlled 

laboratory conditions the fatigue lifetime of Os-
teobond Copolymer Bone Cement exceeds that 

of Simplex P Bone Cement by roughly a factor 

of four for both open bowl and vacuum mixing. 

Furthermore, the use of vacuum mixing techniques 

was observed to double the fatigue lifetime of both 

cements, however, this was not statistically signifi -

cant in the case of Simplex P cement. In pervious 

studies, centrifugation, which is also designed to 

reduce porosity, has been shown to also extend the 

fatigue lifetime of Simplex P cement by a factor of 

two2. No differences were observed in the Young’s 

modulus of the two cements regardless of mixing 

technique. However, vacuum mixing did result in 

a small but statistically signifi cant increase in the 

Young’s modulus of both cements.

The use of wax models rather than machin-

ing did not increase the lifetime of our control 

specimens when compared to those obtained by 

Davies et al.2 in terms of the standard deviations of 

the open bowl Simplex P cement group (7,223 vs 

24,690). The resulting reduction in the number of 

specimens required to attain statistical signifi cance 

and streamlined specimen preparation procedure 

are important advantages of the molding approach.
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